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LETTER 

FROM 

THE  SECRETARY  OF  WAR, 

TRANSMITTING, 

WITH  A  I«ETTEB  FROM  THE  CHIEF  OF  OBDNAKCE,  A  COFT  OF 
A  BEPOBT  OF  THE  TESTS  OF  IBGN  AND  STEEIi  AND  OTHEB 
MATEBIAX.  FOB  INDUSTBIAX  PT7BP0SES  AT  THE  WATEBTOWN 
ABBENAT.. 


War  Department, 
Wmhingt&n-^  January  ^8^  1903. 
Sir:  I  have  the  honor  to  transmit  herewith  a  letter  dated  January 
44  instant,  from  the  Chief  of  Ordnance,  U.  S.  Army,  together  with  a 
copy  of  the  report  of  the  commanding  oflScer  at  Watertown  Arsenal, 
of  "  tests  of  iron  and  steel  and  other  material  for  industrial  purposes," 
made  at  that  arsenal  during  the  fiscal  year  ended  June  30,  1902. 
Very  respectfully, 

Elihu  Root,  Secretary  of  War. 
The  SpEAfijsR  OF  the  House  of  Representatives. 


Office  of  the  Chief  of  Ordnance  U.  S.  Army, 

Washington^  January  S^,  1903. 
Sir:  I  have  the  honor  to  submit,  for  transmission  to  Congress  as 
it3quired  by  law,  a  copy  of  the  report  of  the  commanding  officer, 
Watertown  Arsenal,  of  ^^  tests  of  iron  and  steel  and  other  material  for 
industrial  purposes,"  made  at  the  Arsenal  during  the  fiscal  year  ended 
June  30,  1902,  which  has  just  been  received  at  this  office.  - 
Respectfully, 

William  Crozier, 
Brigadier' General^  Chief  of  Ordnanca 
The  Secretary  of  War. 
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4  TESTS   OF  METALS   AND   OTHER  MATEJEUCAIiS,  1902. 

WATERTO¥rN  AbSENAL, 

Watertown^  Mass.^  Janxvary  W^  1903. 

Sib:  I  have  the  honor  to  submit  herewith  the  annual  report  of  tests 
of  iron  and  steel  and  other  materials  made  at  this  arsenal  during  the 
fiscal  year  ending  June  30,  1902. 

The  total  number  of  specimens  tested  during  the  year  was  3,650, 
classified  as  follows: 

Gun  Bpecimens 22 

For  Ordnance  Department 373 

For  other  Government  departments 24 

Investigative  tests 2,539 

Tests  for  private  parties 692 

Total 3,650 

The  receipts  and  expenditures  were  as  follows: 

Amoimt  appropriated  for  testing  machine  and  testing  work $15, 000. 00 

Received  m)m  private  parties  during  the  year 550. 20 

Total  received 15,560.20 

Amount  expended  for  services  and  labor 12, 535. 04 

Amount  expended  for  light,  power,  tools,  implements,  and  materials  for 

test 3,001.30 

Deposited  to  credit  of  Treasurer,  United  States 13. 86 

Total  expended 15,550.20 

The  tests  for  the  Ordnance  Department  comprise  specimens  from 
the  diflFerent  caliber  guns  of  current  fabrication  and  the  material  for 
carriages  and  for  shot  and  shell.  Forged  steel,  steel  and  iron  castings, 
and  bronze  are  represented  in  this  group  of  material. 

There  were  teste  of  retraction  and  buflFer  bracket  hooks,  also  proof 
stresses  applied  to  piston  rods  and  retraction  ropes. 

Hydrostatic  tests  were  made  upon  thin  sections  of  gun  hoops, 
showing  the  strength  of  metal  containing  so-called  streaks  and  cor- 
responding material  which  was  without  streaks. 

In  the  t«ste  of  rocker  and  track  blocks,  high  compressive  stresses 
were  applied  to  a  cylindrically  faced  block  of  large  radms  of  curvature, 
which  rested  upon  flat  blocks  of  different  kinds  of  metal.  The  con- 
ditions approached  those  present  in  the  cubic  compression  of  metals, 
and  stresses  of  ffreat  intensity  were  endured  before  permanent  defor- 
mation occurrea. 

Two  steel  ingote  were  procured  for  investigative  teste,  one  contain- 
ing 3i  per  cent  nickel,  the  other  none.  In  respect  to  other  elemente 
they  were  of  similar  composition,  as  nearly  alike  as  practicable  to 
obtain.  A  number  of  illustrations  show  the  appearance  of  these  ingote 
when  cut  apart.  There  are  tensile  teste  on  the  metal  in  the  natural 
state  of  the  ingot,  also  after  heating,  ouenching,  and  annealing,  from 
which  mav  be  seen  the  wide  range  in  physical  properties  a  given  metel 
may  display.  Under  the  influence  or  repeated  alternate  stresses  sim- 
ilar resulte  appear,  showing  that  the  enaurance  of  the  metal  ma}^  be 
augmented  by  the  same  means  which  increase  the  tensile  strength. 

Endurance  tests  on  different  grades  of  steel  have  shown  that  alter- 
nate tensile  and  compressive  fiber  stresses  as  high  as  50,000  pounds 
per  square  inch  may,  for  a  considerable  time,  be  sustained  by  some  bars. 
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Tests  were  made  on  suspender  rods  from  the  New  York  and  Brook- 
lyn Bridge.  The  characteristics  of  those  rods,  which  have  been  in 
service  since  the  construction  of  the  bridge,  are  fully  shown. 

The  investigative  tests  of  cements  have  continued.  A  number  of 
tests  have  been  made  on  cements  exposed  to  low  temperatures  while 
setting.  The  severity  of  the  conditions  attending  these  experiments 
were  ameliorated  over  the  early  tests  on  this  subject.  Initial  periods 
of  setting  at  ordinary  atmospheric  temperatures  preceded  the  interval 
in  cold  storage  at  zero  F.  The  results  indicate  tliat  low  temperature 
has  a  retarding  influence  of  greater  or  less  degree  on  the  acquisition 
of  strength,  notwithstanding  the  chemical  reactions  may  have  been 
initiated  and  a  partial  state  of  induration  acquired  under  normal  con- 
ditions of  setting. 

There  were  absorption  determinations  and  tests  on  the  elastic 
properties  of  dry-pressed  and  mud  brick  taken  from  several  parts  of 
the  kiln,  showing  the  influence  of  exposure  to  different  temperatures 
of  burning,  according  to  their  position  in  the  kiln. 

Transverse  tests  on  Douglas  fir  and  oak  wood  appear  in  the  report; 
also  the  adhesive  resistance  of  lag  screws  and  bolts  in  those  woods  is 
shown.  Observations  on  heat  conductivity  were  carried  on  with  sticks 
of  Douglas  fir  exposed  over  wood  fires,  and  final  tests  for  strength 
made  on  the  uncharred  parts. 

Chemical  analyses  were  made  on  the  tested  material. 

Tests  for  private  parties,  as  provided  for  by  law,  have  continued  as 
in  former  years.  A  list  of  the  parties  for  whom  tests  have  been  made 
is  appended  to  the  report. 

Very  respectfully,  your  obedient  servant, 

John  G.  Butler, 
Li^ut.  Col.^  Ordnance  Department^  ^ 

U.  S.  J[7v;?y,  Comvianding. 

The  Chief  op  Ordnance  U.  S.  Army, 

Wa^hingtony  D.  C. 
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75-MILIiIH£TEB  MOimTAIN  OUNS. 
Body. 


13 


No.  7473. 

Marks,BM 

Diameter,  ".605. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


loftosper 
square 
inch. 

EloDffatioD 
perlnch. 

Succeasiye 
elonffaUon 
perlnch. 

Permanent 
set 

Succefsive 

permanent 

set 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
35.000 
40,000 
42,000 
47.000 
48.000 
49.000 
60,000 
51,000 
52,000 
53,000 
54.000 
97.100 

Inch, 
0. 

.00010 
.00035 
.00070 
.00105 
.00125 
.00145 
.00150 
.00185 
.00190 
.00200 
.00260 
.00310 
.00390 
.00460 
.00570 

Inch. 
0. 

.00010 
.00025 
.00035 
.00035 
.00020 
.00020 
.00005 
.00085 
.00005 
.00010 
.00060 
.OOOGO 
.00080 
.00070 
.00110 

Inch, 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 

0. 

0. 

0. 

: 1 :  : 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds . .  97, 100 

Elastic  limit  per  square  inch  of  original  section do...  49,000 

Elongation  per  inch  after  rupture inch . .      .285 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  00200 

Reduction  in  diameter  at  point  of  rupture do. . .     .135 

Reduction  in  area  after  rupture,  per  cent  of  original  section 46. 2 

Position  of  rupture l^.W  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ''.19,'>'.28* 
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75-MILLIMETER  MOUNTAIN  GUNS. 

Breechblock. 


No.  7468. 

Marks,  It 

Diameter,  ".505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


Applied 

loads  per 

square 

inch. 

Elongation 
per  inch. 

Succeasive 
elongation 
per  inch. 

Inch. 

0. 
.00015 
.00020 
.00035 
.00035 
.00040 
,00015 
.00015 
.00020 
.00005 
.00005 
.00035 
.00035 
.00075 
.00150 
.00100 

.ooiao 

Permanent 
set. 

Indi. 
0, 

Successive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20.000 
30,000 
40,000 
46,000 
60.000 
55.000 
57,000 
58,000 
59,000 
60,000 
61,000 
62,000 
63,000 
64,000 
103,900 

Inch. 

0. 

.00015 
.00035 
.00070 
.00105 
.00145 
.00160 
.00175 
.00195 
.00200 
.00205 
.00240 
.C0275 
.00850 
.00500 
.00600 
.00720 

Inch. 
0. 

Initial  load. 

ElajBtic  limit. 
Tensile  strength. 

6. 
0. 

0. 
0. 

1 

1 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  108, 900 

Elastic  limit  per  square  inch  of  original  section do...    58,000 

Elongation  per  incn  after  rupture inch..       .226 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .  00205 

Reduction  in  diameter  at  point  of  rupture do. . .       .  165 

Reduction  in  area  after  rupture,  per  cent  of  original  section 51. 9 

Position  of  rupture ".70  from  necic 

Character  of  broken  surface silky 

Elongation  of  inch  sections ".33*.  ".12 


75-MILLIMETER   MOUNTAIN   GUNS. 

Block  Carrier. 
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No.  7469. 
Marks  ^^ 
Diameter,  ".506. 
Sectional  area,  .20  square  inch. 
Gauged  lengtli,  2". 


Applied 

loads  per 

•  square 

inch. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
46,000 
60,000 
54,000 
56,000 
66,000 
57,000 
68,000 
69,000 
60,000 
61,000 
96,500 

Elongation 
per  inch. 

SuceessiYe 
elongation 
per  inch. 

Permanent 
set 

Successive 

permanent 

set. 

Remarks. 

Inch. 
0. 

.00016 
.00035 
.00070 
.00105 
.00140 
.00155 
.00170 
.00190 
.00195 
.00450 
.00600 
.00670 
.00770 
.00875 
.00950 

Inch. 
0. 

.00016 
.00020 
.00085 
.00035 
.00035 
.00015 
.00015 
.00020 
.00005 
.00255 
.00160 
.00070 
.00100 
.00105 
.00075 


Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit. 

0. 
0. 

0. 
0. 

Qeneral  tummtmj. 

Tensile  streps  per  square  inch  of  orlffinal  section pounds..  96,500 

Elastic  limil  per  square  inch  of  original  section do...  65,000 

Elongation  per  inch  after  rupture inch..      .255 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00195 

Reduction  in  diameter  at  point  of  rupture do...      .165 

Reduction  in  area  after  rupture,  per  cent  of  original  section 54.6 

Position  of  rupture 1".  10  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ".38*,  ".18 


TABULATION  OF  TENSION  SPECIMENS  FOR  75'MILLIMETER  R.  F. 

MOUNTAIN  GUNS, 

STEMS  df  LONG,  ".505  DIAMETER. 


No.  of 
test 

Position  in 
gun. 

Loca- 
tion of 
speci- 
mens. 

Elastic 

limit 

per 

square 
inch. 

Tensile 
strength 

per 
square 
inch. 

Elonga- 
tion. 

Con- 
trac- 
tion of 
area. 

Appearance  of 
IractLje. 

Remarks. 

7478 
7468 
7469 

Body 

Breechblock  . 
Block  carrier. 

Middle 

Pounds. 
49,000 
58,000 
55,000 

Pounds. 

97,100 
108,900 

95,600 

Ptrel. 
28.5 
22.5 
25.5 

ParcL 
46.2 
51.9 
54.6 

Silky 

Breech  end. 

do 

do 

6-INCH  R.  F.  GUNS. 


SPECIMENS  FROM  TUBES,  JACKETS,  HOOPS, 
AND  BREECHBLOCK. 


H,  Doc.  335 2  17 


6-INOH   R.  F.  GUN8. 

Tube. 

No.  7448. 
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Marks,  '5?t^ 

Diameter,  ".605. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2".  • 


Applied 

loaasper 

square 

inch. 

Elongation 
per  inch. 

Successive 
elongation 
per  inch. 

Permanent 

Succeaslve 

permanent 

set. 

Remarks. 

Pounds, 
1,000 
5,000 
10,000 

Inch, 
0. 

.00010 
.00035 

Inch, 
0. 

.00010 
.00025 
.00025 
.00040 
.00016 
.00016 
.00010 
.00020 
00080 
.00025 
.00086 
.00095 
.00105 

Inch. 

0. 

0. 

Inch, 
0. 
0. 

Initial  load. 

Elastic  limit 
Tensile  strength. 

20.000           .00060 
80,000            .OOIGO 

86,000 
40,000 
42.000 
50,000 
51,000 
52,000 
53,000 
54.000 
55,000 
9B,000 

.00115 
.00180 
.00140 
.00160 
.00190 
.00215 
.00250 
.00845 
.00460 

0. 

0. 

0. 

0. 

General  ffummary. 

Tensile  strength  per  square  inch  of  original  section pounds..  98,000 

Ebuttic  limit  per  sqiiare  inch  of  original  section do ...  50, 000 

Elongation  per  inch  after  rupture inch . .      .206 

Elongation  per  inch  under  stiuln  at  elastic  limit do...  .00100 

Reduction  in  diameter  at  point  of  rupture do. . .     .115 

Reduction  in  area  after  rupture,  per  cent  of  original  section 40.3 

Position  of  rupture ^.65  from  neck 

Character  of  broken  surface granular  60  per  cent,  silky  40  per  cent 

Elongation  of  inch  sections *.29*,  ".12 
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6-INCH   B.   F.   GUNB. 

Tube. 


No.  7449. 
Marks,  Si^xfft^ 
Diameter,  ".605. 
Sectional  area,  .20  square  inch. 
Gauged  length,  2". 


Applied 

loads  per 

square 

inch. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
90,000 
35,000 
40,000 
42,000 
50,000 
51,000 
52,000 
63,000 
54.000 
55,000 
66,000 
93,260 

Elongation 
perlncti. 

Saccesfdve 
eloneation 
peiincli. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Inch. 

0. 
.00010 
.00036 
.00070 
.00105 
.00120 
.00185 
.00140 
.00170 
.00176 
.00200 

Inch. 
0. 

.00010 
.00025 
.00036 
.00036 
.00015 
.00015 
.00005 
.00030 
.00005 
.00025 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit 
Tensile  strength. 

0. 

0. 

0. 

0. 

.00225    '        .00025 
.00315            .00090 
.00476            .00160 
.00620            .00146 

1 

General  summary. 

Tensile  strength  per  square  inch  of  oriffinal  section pounds..  93,250 

Elastic  limit  per  square  inch  of  original  section do. . .  51 ,  000 

Elongation  per  incn  after  rupture inch . .      .145 

Elongation  per  inch  under  strain  at  elastic  limii do...  .00175 

Reduction  in  diameter  at  point  of  rupture do. . .      .  a55 

Reduction  in  area  after  rupture,  per  cent  of  original  section 20. 5 

Position  of  rupture 1".0«  from  neck 

Character  of  broken  surface granular,  a  belt  of  flaky  metal  acnxs  surface 

Elongation  of  inch  Bectiona M4,  'M6* 


6-INCH   R.   F.   GUNB. 

Jacket. 
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No.  7444. 

Marks,  li\f9' 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


AppUed 

loads  per 

square 

inch. 

Elongation 
per  inch. 

Buccewivc 
elongation 
porlnch. 

Permanent 

8Ct. 

SncceflBiTc 

permanent 

set. 

Romarkii. 

Pounds. 
1.000 
5,000 
10,000 
20.000 
30,000 
40,000 
46.000 
62,000 
53,000 
54,000 
55,000 
56,000 
57,000 
58,000 
99, 6W 

Inch, 
0. 
.000067 
.000267 
.000600 
.000983 
.001267 
.001433 
.001633 
.001700 
.002000 
002333 
.003300 
.004000 
.006000 

Inch, 
0. 

.000067 
000200 
.000383 
.000833 
.0003^ 
.000166 
.000200 
.000067 
.000900 
.000333 
.000967 
.000700 
.001000 

Inch, 
0. 
0. 

Inch, 
0. 
0. 

Initial  load. 
ElasUc  limit. 

0. 
0. 

0. 
0. 

:    . 

1 

Tensile  strength. 

General  mmmary. 

Tensile  strength  per  square  inch  of  original  section pounds. .    99, 680 

Elasticlimit  per  square  inch  of  original  section do...    58,000 

Elongation  per  Inch  after  rupture inch . .         ,20 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  001700 

Reduction  in  diameter  at  point  of  rupture do. . .       .144 

Reduction  in  area  after  rupture,  per  cent  of  original  section 44. 6 

Position  of  rupture 1".4  fn>m  ncH^k 

(character  of  broken  surface si  1  k y 

Elongation  of  inch  sections ".19,  ".31*.  ".10 
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6-INCH   R.   F.  OUN8. 


Jacket. 


No.  7445 


Marks,  SiV«' 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

Elongation 
per  inch. 

SuccesBiye 
elongation 
perlnch. 

Permanent 
set. 

Succesfdve 

permanent 

set. 

Remarkfl. 

Poundt. 
1,000 
5,000 
10.000 
20,000 
90,000 
40,000 
46,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
91,920 

Inch. 
0. 

.000100 
.000800 

.000683 
.000967 
.001300 
.001500 
.001667 
.003800 
.004600 
.005833 
.006838 
.007667 

Inch. 
0, 

.000100 
.000200 
.000838 
.000334 
.000833 
.000200 
.000167 
.001633 
.001900 
.001233 
.000600 
.001334 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

InHUl  load. 
Elastic  limit. 

0. 
0. 

0. 
0. 

I 

Tensile  strength. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section ponnds. .    91, 920 

Elastic  limit  per  square  inch  of  original  section do. . .    51 ,  000 

Elongation  per  incti  after  rupture inch..         .24 

Elongation  per  Inch  under  strain  at  elastic  limit do. . .  .  001667 

Reduction  in  diameter  at  poin t  of  rupture do. . .       .174 

Reduction  in  area  after  rupture,  per  cent  of  original  section 52. 2 

Position  of  rupture IMl  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ".14,  ".38»,  ".20 


6-INCH   B.   F.   GUNS. 

Jacket. 

No.  74G1. 
Marks,  1^2* 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3." 
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loaofl  per 
square 
inch. 

Elongation 
per  inch. 

SuccesBiye 

elongation 

per  inch. 

Permanent 
*    set. 

Succenive 
set 

Remarks. 

1,000 
6.000 
10.000 
20,000 
80,000 
40,000 
46,000 
60,000 
66,000 
67,000 
68,000 
69,000 
60,000 
61,000 
62,000 
68.000 
64,000 
97,120 

/ncA. 
0. 

.000183 
.000888 

.00070C 
.001067 
.001400 
.001688 
.001788 
.001988 
.002000 
.002068 
.002100 
.006688 
.007167 
.006400 
.009088 
.010267 

Ineh. 
0. 

.000183 
.OOOioX) 
.000867 
.000867 
.000883 
.000233 
.000100 
.000200 
.000067 
.000088 
.000067 
.004688 
.000684 
.001233 
.000688 
.001234 

Ineh, 
0. 
0, 

Ineh. 
0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 
0. 

0. 
0. 

Qeneral  summary. 

Tenirile  strength  per  square  inch  of  original  section pounds..    97,120 

Elastic  limit  per  square  inch  of  original  section do...    69,000 

Elongation  per  inch  after  rupture inch..         .21 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  002100 

Reduction  in  diameter  at  point  of  rupture do...       .174 

Reduction  in  area  after  rupture,  per  cent  of  original  section 62.2 

Position  of  rupture ".96  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ".S7»,  ".14,  ".12 
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6-INCH   R.  F.  GUNS. 

Hoop. 


No.  7450. 

Marks,  ^^S' 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

Elongation 
per  inch. 

Successive 
elongation 
per  inch. 

Permanent 
set. 

Buccessive 

permanent 

set. 

Remarks. 

PoundB. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
45,000 
50,000 
58,010 
d9,000 
60,000 
61,000 
62,000 
63,000 
64,000 
108,800 

Irich. 
0. 

.000138 
.000900 
.000667 
.001000 
.001867 
.001500 
.001783 
.002033 
.002067 
.005000 
.005838 
.006667 
.007287 
.008338 

/ncA.J 
0. 

.000138 
.000167 
.000867 
.000888 
.000367 
.000183 
.000233 
.000900 
.000084 
.U02UB3 
.000838 
.000834 
.000600 
.001066 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

6. 
0. 

0. 
0. 

1 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  108. 800 

Elastic  limit  per  square  inch  of  original  section do. . .    59, 000 

Elongation  per  inch  after  rupture inch..         .19 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  002067 

Reduction  in  diameter  at  point  of  rupture do...       .144 

Reduction  in  area  after  rupture,  per  cent  of  original  section 44.6 

PoKition  of  rupture I'M  from  neck 

Character  of  broken  surface silky,  cup  shaped 

Elongation  of  inch  sections 'Ul, '''.20".26* 


6-inch  b.  f.  guns. 

Bbeischblock. 

No.  7447. 
Marks,  ^»»' 
Diameter,  ".505. 
Sectional  area,  .20  square  inch. 
Gauged  length,  2". 
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Applied 

loans  per 

square 

inch. 

Elongation 
per  inch. 

Successive 
elongation 
per  inch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks 

Pounds. 
1,000 
6,000 
10,000 
20,000 
30,000 
40,000 
45,000 
50,000 
51,000 
52,000 
58,000 
54,000 
55,000 
56,000 
97,000 

Inch. 
0. 

.00010 
.00035 
.00065 
.00100 
.00135 
.00155 
.00175 
.00185 
.00950 
.01015 
.01070 
.01150 

Inch. 
0. 

.00010 
.00025 
.00080 
.00085 
.00085 
.00020 
.00020 
.00010 
.00765 
.00065 
.00055 
GOQRO 

Inch. 

0. 

0. 

Inch, 

0. 

0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 

0. 



; 

.01250    !        .00100 

1 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  97,000 

Elastic  limit  per  square  inch  of  origi  nal  section do ...  51 ,  000 

Elongation  per  Inch  after  rupture i  nch . .       .28 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00185 

KtHluction  in  diameter  at  point  of  rupture do. . .      .125 

Reduction  in  area  after  rupture,  per  cent  of  original  section 43. 3 

Position  of  rupture ".b  from  neck 

Character  of  broken  surface sil ky 

Elongation  of  inch  sections ".32*,  ".14 

TABULATION  OF  TENSION  SPECIMENS  FROM  6-INCH  R.  F.  GUNS. 

STEMS  OF  SPECIMENS  FROM  TUBES  AND  BREECHBLOCK  2"  LONG,  ".506  DIAMETER;  FROM 
JACKETS  AND  HOOP  3"  LONG,  ".664  DIAMETER. 


No. 

of 

test. 

Position 
in  gun. 

Location 
of  speci- 
mens. 

Middle  . 
....do... 

Outside. 
....do... 

Middle . 
....do... 

ElasUc 
limit 
per 

square 
inch. 

Pounds. 
50,000 

51,000 

53,000 
51,000 
59.000 
59,000 
51,000 

Tensile 
strength 

per 
square 
inch. 

Pounds. 
98,000 

93,260 

99,680 
91,920 
97,120 
108,800 
97,000 

Elon- 
tfon, 

Ptrct. 
20.5 

14.5 

20.0 
24.0 
21.0 
19.0 
23.0 

Con- 
trac- 
tion of 
area. 

Appearance  of 
imcture. 

Remarks. 

7448 
7449 

7444 

Tube  ... 
....do... 

Jacket.. 
....do... 
...do... 
Hoop... 

Prrd. 
40.3 

20.5 

44.6 
52.2 
52.2 
44.6 
43.3 

Granular,  60  per  cent: 
silky,  40  per  cent. 

Granular,  a  belt  of 
flaky  metal  acra<« 
surface. 

Silky 

Muzzle  eud. 
Do. 

Do. 

Do. 

Bri»ech  end. 

Do. 

7445 
74«1 
7450 

do :..:::::..: 

do 

Silky,  cup  shaped.... 
Silky....  ..... 

7447 

Breech- 
block. 

Middle  . 

10-INCH  STEEL  B.  L  RIFLES. 


SPECIMENS  FROM  TUBES,  JACKETS,  HOOPS.  AND 
BREECHBLOCKS. 


10-INOH    STEEL    B.   L.   RIFLES. 
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1\tbe. 


No.  7470. 

\M    «W       20633  Bt 

Marks,  mt.m 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

Elongation 
per  inch. 

Successive 
elongation 
perinch. 

Permanent 
set. 

Inch. 
0. 
0. 

SuccesRive 

permanent 

Bet. 

Remarks. 
Initial  Icmd. 

Elastic  limit. 
Tensile  strength. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
40,000 
45,000 
46.000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
90,320 

Inch. 
0. 

.000133 
.000333 
.000667 
.001000 
.001183 
.001333 
.001467 
.001533 
.001600 
.002100 
.003167 
.006000 
.006333 
.007167 
.007833 

Inch. 
0. 
.000133 
.000200 
.000334 
.000833 
.000133 
.000200 
.000134 
.000066 
.000067 

.ooa^oo 

.001067 
.002833 
.OOOKO 
.000834 
.000666 

Inch. 
0. 
0. 

6. 
0. 

0. 
0. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .    90, 320 

Elastic  limit  per  square  inch  of  original  section do. . .    47, 000 

Elongation  per  Inch  after  rupture inch . .       .193 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  001600 

Reduction  in  diameter  at  point  of  rupture do. . .       .104 

Reduction  in  area  after  rupture,  per  cent  of  original  section 33.6 

Position  of  rupture ".90  from  neck 

Character  of  broken  surface granular  80  per  cent,  flaky  20  per  cent 

Elongation  of  inch  sections ".14,  ".17,  ".ZT* 


30 


10-INCH   STEEL    B.   L.  BIFLES. 

Jacket. 


No.  7446. 

Marks,  ^^S* 

Diameter,  ".564. 

Sectional  area,  .25  si^uare  inch. 

Gauged  length,  3." 


Applied 

loads  per 

square 

inch. 

Elongation 
per  Inch. 

Successive 
elongation 
per  inch. 

Permanent 
set. 

Successive 
permanent 

RemarkK. 

I'ounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
40,000 
42,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
86,800 

Inch. 
0. 
.000100 
.000300 

.000967 
.001133 
.001300 
.001367 
.001600 
.008500 
.006000 
.006367 
.007467 
.006283 

Inch. 
0. 
.000100 
.000200 
.000833 
.000334 
.000166 
.000167 
.000067 
.000133 
.002000 
.002600 
.000367 
.001100 
.000766 

Inch. 
0. 
0. 

Incfi. 
0. 
0. 

Initial  load. 

Elastic  limit 
Tensile  strength. 

0. 

0. 

0. 

0. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .    86, 800 

Elastic  limit  per  square  inch  of  original  section do . . .    44, 000 

Elongation  per  inch  after  rupture inch . .         .23 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  001500 

Reduction  in  diameter  at  fwint  of  rupture do. . .       .144 

Reduction  in  area  after  rupture,  per  cent  of  original  section 44. 6 

Position  of  rupture » ".9  from  neck 

Character  of  broken  surface , silky 

Elongation  of  inch  BecUons ".  37*,  ".  21, 'Ml 


10-INCH   STEEL   B.  L.  BIFLE8. 

Jacket. 

No.  7467. 
Marks,  S^^5 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 
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Applied 

loads  per 

aquarc 

Inch. 

Elongation 
per Inch. 

SuccesBive 
elongation 
perinch. 

Permanent 
set. 

Succeflflive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
85,000 
40,000 
42.000 
50,000 
57,000 
68.000 
60,000 
60,000 
61,000 
62,000 
92,820 

Inch, 
0. 

.000133 
.000883 
.000667 
.001063 
.001200 
.001400 
.C01467 
.001767 
.002088 
.002267 
.000267 
.010000 
.010»3S 
.011667 

Inch. 
0. 

.000188 
000200 
!000834 
.000366 
.000167 
.000200 
.000067 
.000300 
.000266 
.000234 
.007000 
.000733 
.000933 
.000784 

Inch. 
0. 
0. 

Inch, . 
0. 
0. 

Initial  load. 
Elastic  limit. 

6. 

0. 



0. 

0. 

Tensile  strength. 

General  mvmmary. 

Tensile  strength  per  square  inch  of  original  section pounds..    92,320 

Elastic  limit  per  sqiiare  inch  of  original  section do . . .    57, 000 

Elongation  per  inch  after  rupture Inch..         .22 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  002083 

Reduction  in  diameter  at  point  of  rupture do. . .       .164 

Reduction  in  area  after  rupture,  per  cent  of  original  section 49. 7 

Position  of  rupture ^ at  the  middle  of  the  stem 

Character  of  broken  surface silky 

Elongation  of  inch  sectioDS ''.14,  ^^.89*,  "^.13 
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10-INCH   STEEL    B.  L.   RIFLES. 

Hoop. 


No.  7465. 

Marks,  k^41& 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3'\ 


Applied 

loads  per 

square 

inch. 

Elongation 
per  Inch. 

Successive 

elongation 

perinch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Pounch. 
1,000 
5,000 
10,000 
20.000 
30.000 
40,000 
45,000 
50,000 
60,000 
61,000 
62,000 
63,000 
6t,000 
65,000 
101,680 

Itick. 
0. 

.000133 
.000333 
.000667 
.001033 

Inch. 
0. 

.000133 
.000200 
.000334 
.000366 

Irich. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

£la£tic  limit. 
Tensile  strength. 

,001367          .000334 
.001567     1      .000200 
.001700           .000133 
.002100            OflCVSOO 

0. 
0. 

0. 
0. 

.002233 
.005(XM) 
.006067 
.0070(»7 
.00788;} 

.000133 
.002767 
.001067 
.001000 
(100766 

1 

General  nummary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  101, 680 

Elastic  limit  per  square  inch  of  original  section do. . .    60, 000 

Elongation  per  incn  after  rupture inch. .         .  20 

Elongation  perinch  under  strain  at  elastic  limit do...  .002100 

Reduction  in  diameter  at  point  of  rupture do. . .       .  144 

Reduction  in  area  after  rupture,  per  cent  of  original  sectiun 44. 6 

Position  of  rupture ".96  from  neck 

Character  of  broken  surface silky  60  per  cent,  granular  40  per  cent 

Elongation  of  inch  sections ".11,  ".17,  ".3-i* 


10-inoh  steel  b.  l.  bifle8. 
Breechblock. 
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No.  7464. 
Marks,  ''Ifif- 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3." 


square 
Tnch. 

Elongation 
permch. 

Successive 
elongation 
per  inch. 

Permanent 
set. 

Successive 

Permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
97,640 

Inch. 
0. 
.000100 
.000300 
.000667 
.001000 
.001367 
.001600 
.001667 
.001788 
.002000 
.003267 
.001067 
.004600 
.005188 

Inch. 
0. 

.000100 
.000200 
.000867 
.000833 
.000367 
.000238 
.000067 
.000066 
.000287 
.001267 
.000»00 
.000538 
.000588 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit 
Tensile  strength. 

0. 
.000033 

0. 
.000083 

General  summary. 


Tensile  strength  per  square  inch  of  original  section pounds. . 

Elastic  limit  per  square  inch  of  original  section do. . . 

Elongation  per  incn  after  rupture inch. . 

Elongation  per  inch  under  strain  at  elastic  limit do. . . 

Reduction  in  diameter  at  point  of  rupture do. . . 

Reduction  in  area  after  rupture,  per  cent  of  original  section 

Position  of  rupture 1''.4  from  neck 

Character  of  broken  surface silky  40  per  cent,  fine  granular  60  per  cent;  opened  cracks  in  stem 

in  vicinity  of  place  of  fracture. 
Elongation  of  inch  sections *.18,  ".25*,  M3 


97,640 

48,000 

.1H7 

001733 

.104 

33.5 


TABULATION  OF  TENSION  SPECIMENS  FROM  lO-INCH  STEEL  B.   L. 

RIFLES, 

STEMS  3"  LONG,  ».664  DIAMETER. 


No.  of 
test. 

Position  in 
gun. 

Loca- 
tion of 
speci- 
mens. 

Elastic 
limit 
per 

square 
inch. 

Pounds. 
47,000 

44,000 
57,000 
60,000 

48,000 

Tensile 
strength 

per 
square 
inch. 

Elon- 
gation. 

Con- 
trac- 
tion of 
area. 

Appearance  of 
fracture. 

Remarks. 

7470 

7446 
7467 
7465 

7464 

Tube 

Jacket 

Middle 
...do... 

Pounds. 
90,320 

86,800 
92,320 
101,680 

97,640 

Pcrdt. 
19.3 

23.0 
22.0 
20.0 

18.7 

Pcrd. 
33.5 

44.6 
49.7 
44.6 

83.5 

Granular,  80  per 
cent:   flaky,   20 
per  cent 

Silky 

Muzxle  end. 

Breech  end. 
Muasle  end. 
Breech  end. 

do 

...do... 

do 

Silky,  60  per  cent; 

granular,  40  per 

cent 
Silky,  40  per  cent; 

fine  granular.  60 

per  cent 

Hoop 

...do... 

Breechblock. 

...do... 

H.  Doc.  335 3 


12-INCH  STEEL  B.  L  RIFLES. 


SPECIMENS  FROM  TUBES,  JACKETS,  HOOPS,  AND 
BREECHBLOCKS. 
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12-inoh  stesl  b.  l.  sifle8. 
Tube. 


87 


Marks,  gl^'^ 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Grau^d  length,  3". 


No.  7454. 


loadeper 
aqnajre 
Inch, 

Elongation 
perlnch. 

SnoceraiTe 

elongation 

perlnch. 

Pennanent 
set. 

SocoeBBiye 

set. 

Bemarka. 

Pound*. 
1,000 
6.000 

20.000 
80.000 
86.000 
40.000 
47.000 
48.000 
49.000 
60.000 
61,000 
62.000 
63.000 
64.000 
66.000 
66.000 
89,160 

Inch. 
0. 

.000100 
.000900 
.000088 
.000967 
.001188 
.001867 
.001667 
.001788 
.001767 
.001867 
.002000 
.002400 
.002788 
.008600 
.004333 
.006167 

Inch. 
0. 

.000100 
.000200 
.000333 
.000384 
.000166 
.000284 
.000800 
.000066 
.000084 
.000100 
.000188 
.000400 
.000883 
.000867 
.000733 
.000684 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 
.000088 

0. 
.000088 

Oeneral  mtmTnary. 

Tensile  strength  per  square  inch  of  original  section pounds..    89,160 

Elastic  limit  per  square  inch  of  original  section do...    49.000 

Elongation  per  inch  after  rupture inch..       .177 

Elongation  per  inch  under  strain  at  elastic  limit do...  .001767 

Reduction  in  diameter  at  point  of  rupture do...       .164 

Reduction  in  area  after  rupture,  per  cent  of  original  section 49.7 

Position  of  rupture ''.75  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ''.06,«'.ll,''.8e» 
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12-IVCH   STEEL   B.  L.  SIFLES. 


Tube. 


No.  7463. 


Marks,  ^.^ 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


AppUed 

loiiasper 

square 

inch. 

permch. 

SuboeMive 

elongation 

per  Inch. 

Pennanent 
set. 

SucceflHlTe 
let 

RemarkB. 

Foundt. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
45,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
58,000 
87,200 

Inch. 
0. 

.000100 
.000900 

.000688 
.001000 
.001167 
.001867 
.001567 
.001667 
.006888 
.007600 
.008888 
.000000 
.010000 
.010738 

Inch. 
0. 

.000100 
.000200 
.000833 
.000867 
.000167 
.000200 
.000200 
.000100 
.005166 
.000767 
.000788 
.000667 
.001000 
.000733 

Inch. 
0. 
0. 

Inch, 
0, 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 
0. 

0. 
0. 

Oenercd  tumrnary. 

Tensile  Btrengthper  square  inch  of  original  section pounds..    87,200 

Elastio  limit  per  square  inch  of  original  section do 47,000 

Elongation  per  inch  after  rupture inch..       .238 

Elongation  per  inch  under  strain  at  elastic  limit do...  .001667 

Reduction  in  diameter  at  point  of  rupture do. ..       .  144 

Reduction  in  area  after  rupture,  per  cent  of  original  section 44. 6 

Position  of  rupture 1''.25  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ^26, '».2»»,  ".15 


12-INCH   STEEL    B.   L.  BIFLES. 

Jacket. 


89 


No.  7461. 

Marks,  mtTo 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Grauged  length,  3". 


loaosper 
square 
inch. 

PoundB. 
1,000 
6,000 
10.000 
20,000 
80,000 
85,000 
40,000 
42,000 
60.000 
61,000 
62,000 
68,000 
64,000 
66.000 
66,000 
98,600 

Elongation 
per  inch. 

Successive 
elongation 
per  inch. 

Permanent 
set 

Successive 

permanent 

set. 

Remarks. 

IndL 
0. 

.000067 
.000267 
.000600 
.000988 
.001100 
.001267 
.001888 
.001667 
.001788 
.001867 
.001967 
.002167 
.002800 
.004667 

Inch, 
0. 

.000067 
.000200 
.000383 
.000888 
.000167 
.000167 
.000066 
.000884 
.000066 
.000134 
.000100 
.000200 
.000633 
.001867 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 

0. 

0. 

0. 

General  gummary. 

Tensile  strength  per  square  inch'of  original  section pounds..    98,600 

Elastic  limit  per  square  inch  of  original  section do...    51,000 

Elongation  per  inch  after  rupture inch..        .17 

Elongation  per  inch  under  strain  at  elastic  limit do...  .001788 

Reduction  in  diameter  at  point  of  rupture do...       .144 

Reduction  in  area  after  rupture,  per  cent  of  original  section 44.6 

Position  of  rupture ".70  from  neck 

Character  of  broken  surface silky,  trace  of  granulation 

Elongation  of  Inch  sections - ".09,  Ml,  ".81* 
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12-INCH   STEEL    B.  L.   BIFLES. 

Jacket. 


No.  7460. 

Marks,  SJT,S 

Diameter,  ".564. 

Sectional  area,  .26  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

Hquare 

inch. 

Elonfiration 
pcrlnoli. 

Inch. 
0. 
.000183 
.000300 
.000667 
.001000 
.001167 
.001367 
.001433 
.001533 
.001700 
.00173:1 
.009333 
.009900 
.010667 
.011367 

.ol2aa:^ 

.012967 

Siicceswive 
elongation 
per  inch. 

Pennanent 
set. 

Inch. 
0. 
0. 

Successive 
permanent 

fiCt. 

Inch. 
0. 
0. 

1 

Remarks.                        ' 

J\yunds. 
1,000 
5,000 
10,000 
20,000 
30.000 
35,000 
40.000 
42,000 
45.000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56.000 
57,000 
91,920 

Inch. 
0. 
.000133 
.000167 
.000367 
.000;)33 
.000167 
.000200 
.000066 
.000100 
.000167 

.00-600 
.000667 
.000767 
.OOO'^OO 
.000966 
.000634 

Initial  load. 

Klofltic  limit. 
Tensile  strength . 

0. 

0. 

0. 

0. 

General  summary. 

Ten.<«ilc  strength  per  square  inch  of  original  section pounds. .    91, 920 

Elastic  limit  per  sqiiare  inch  of  original  section -  -do. . .    51, 000 

Elongation  per  incn  after  rupture inch . .       .237 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  001783 

Reduction  in  diameter  at  point  of  rupture do. . .        .154 

K(»ductlon  in  area  after  nipture,  per  cent  of  original  section 47. 2 

Position  of  rupture 1".  40  from  neck 

<  Miaracter  of  broken  .surface silky 

Elongation  of  inch  sections ".14,  ".35*,  ".22 


12-inch  steel  u.  l.  riflks. 
Jacket. 
No.  7466. 
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Marks,  2T& 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  .3". 


Applied 

loaaa  pt»r 

wiiiarc 

inch. 

l*(mtuU. 
1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
40.000 
42.000 
43.000 
44,000 
45,000 
46,000 
47,000 
4M.000 
49,000 
50,000 
91,160 

Elongation 
per  inch. 

SacccsBivc 
elongation 
per  inch. 

Permanent 

K>t. 

Succesfdve 

permanent 

sot. 

Inch. 
0. 
0. 

Remarkn. 
IniUal  load. 

Klastic  limit. 
Tensile  Ktrength. 

Inch. 
0. 
.000133 
.000833 

Inch. 
0. 
.000133 
nxttuo 

Inch. 
0. 
0. 

.000667           .000331 
.001000          .000383 
.001133          .000133 
.001333           .000200 
.001367    1      .000034 
.001433    ,       .000066 
.001500           .000067 
.001667          .000067 
.00233:i    ;      .000766 
.004167    1      .001834 
.005100    1      .000983 
.0a5667           .000567 
.006767           .001100 



0. 

0. 

0. 

0. 

1 

1   

!.  .      .-     -.         .- 

;                  i 

General  summary. 

Tensile  RtrenRth  per  8quaro  inch  of  original  fteetlon pounds. .    91, 160 

ElaMtic  limit  per  square  inch  of  original  section do. . .    46, 000 

Klongation  per  incn  after  rupture inch. .        .  167 

Elongation  iK*r  Inch  under  strain  at  elastic  limit do. . .  .  001667 

Kt'ducllon  iji  diameter  at  point  of  rupture do. . .        .091 

HiHluctiou  in  area  afttT  rupture,  per  cent  of  original  seeticm 80. 6 

l*ositIon  of  nipture 1".2  from  neck 

('Imraeter  of  broken  surface - granular,  silky  spot  at  the  circumference 

Elongation  of  inch  sections ".17,  ''.23*,  ".  10 
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12-INOH    STEEL    B.   L.   BIPLE8. 

Hoop. 


Marks,  S^Sf 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


No.  7462. 


Applied 

loads  per 

square 

inch. 

Elongation 
per  inch. 

Successive 
elongatioii 
per  inch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
40.000 
45,000 
60,000 
60,000 
62,000 
63,000 
64.000 
65,000 
66,000 
67,000 
68,000 
102,800 

Inch. 
0. 
.000100 
.000800 
.000667 
.001083 
.001867 
.001583 
.001700 
.002063 
.002100 
.002167 
.002500 
.00fi333 
.007267 
.007833 
.009000 

Inch. 
0. 
.000100 
.000200 
.000367 
.000866 
.000884 
.000166 
.000167 
.000383 
.000067 
.000067 
.000333 
.002838 
.001934 
.000566 
.001167 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 
0. 

0. 
0. 

i 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  102,800 

Elastic  limit  per  square  inch  of  origincu  section do...    63,000 

Elongation  per  inch  after  rupture inch . .       .197 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  002167 

Reduction  in  diameter  at  point  of  rupture do. . .       .164 

Reduction  in  area  after  rupture,  per  cent  of  original  section 49. 7 

Position  of  rupture 1''.22  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections 'Ml,  ".23,  ".25* 


12-INCH   STEEL    B.  L.  BI1<L£S. 

Bbeechblook. 

No.  7463. 

Marks,  !??;& 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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square 
inch. 

Blonsatlon 
perTnch. 

SoooeflBive 
elongation 
per  inch. 

Permanent 
Bet. 

Suocessiye 

permanent 

set 

Remarks. 

Poundt. 
1.000 
6,000 
10,000 
20,000 
80,000 
85,000 
40,000 
50,000 
64,000 
65,000 
66.000 
57,000 
68,000 
60,000 
60,000 
87,200 

Inch. 
0. 

.000138 
.000867 
.000767 
.001138 
.001888 
.OOISOO 
.001988 
.002188 
.002200 
.006833 
.010167 
.011338 
.012167 
.014888 

Inch. 
0. 

.000183 
.000284 
.000100 
.000866 
.000200 
.000167 
.000488 
.000200 
.000067 
.003688 
.004884 
.001166 
.000684 
.002166 

Inch. 
0. 
0. 

Inch, 
0. 
0. 

InlUal  load. 

000088 
.000088 

000088 

0. 

Ela»tic  limit. 

Tensile  strength. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..    87,200 

Elastic  limit  per  square  inch  of  original  section do...    56,000 

Elongation  per  Incn  after  rupture inch..       .227 

Elongation  per  inch  under  strain  at  elastic  limit do...  .002200 

Reduction  in  diameter  at  point  of  rupture do. . .       .Ki 

Reduction  in  area  after  rupture,  per  cent  of  original  s^tion 41.9 

Position  of  rupture 1  ".25  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ''.24,  ".32*  ".12 


TABULATION  OF  TENSION  SPECIMENS   FROM  Ig-INCH  STEEL  B.  L. 

RIFLES. 

STEMS  9f  LONQ,  ^564  DIAMETER. 


Mo. 
of  test. 

Position  in 
gun. 

Location 
of  speci- 
mens. 

Elastic 

limit  per 

square 

inch. 

Tensile 
strength 

per 
square 
fnch. 

Elon- 
tton. 

Con- 
trac- 
tion of 
area. 

Appearance  of 
fracture. 

Remarks. 

7454 
7468 
7461 

7460 
7466 

7462 
7458 

Tube 

do 

Jacket 

do 

do 

Outside. 
Middle . 
Outside. 

Middle . 
....do... 

Pounds. 
49,000 
47,000 
51,000 

51.000 
45,000 

68,000 
55,000 

Pounds. 
89,160 
87.200 
98,600 

91.920 
91,160 

102,800 
87,200 

PtrcL 
17.7 
28.8 
17.0 

28.7 
16,7 

19.7 

Perct. 
49.7 
44.6 
44.6 

47.2 
80.6 

49.7 

Silky 

Breech  end. 

Muzzle  end. 

Do. 

Do. 
Do. 

Do. 
Do. 

Silky,  trace  of 
granulation. 

Silky 

Granular,  silky 
spot  at    cir- 
cumference. 

Silky 

Hoop 

....do... 

Breechblock. 

....do... 

22.7 

41.9 

.!.k::::::::: 

16-INCH  STEEL  B.  L  RIFLE. 


SPECIMEN  FROM  FORGING  FROM  WATERVLIET 

ARSENAL. 
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16-INGH   STEEL   B.   L.   BIFLE. 

No.  7442. 

16"  Rifle  Forging. 


47 


Diameter,  ".505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  1". 


Applied 

loads  per 

square 

Tnch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Bet 

F&undt. 
1,000 
6,000 
10,000 
20,000 
30,000 
40,000 
GO,  000 
60,000 
65.000 
70,000 
80,000 
82,000 
83,000 
84,000 
85.000 
86,000 
87,000 
88.000 
89,000 
90,000 
91,000 

JfirA. 

0. 
.0001 
.0002 
.0004 
.0006 
.0011 
.0018 
.0016 
.0018 
.0020 
.0023 
.0024 
.0026 
.0030 
.0032 
.0034 
.0038 
.0040 
,0042 
.0047 
.0052 
.0067 
.0062 
.0072 
.0061 
.0091 
.0101 
.0112 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit,  approximate,  not  well  defined. 

Tensile  strength. 

0. 

.0018 

92,000 

94,000 

96,000 

98,000 
100,000 
102,000 
104,000 
118,400 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  118,400 

Elastic  limit  per  square  Inch  of  original  section,  approximate do...    82,000 

Elongation  per  Incn  after  rupture inch . . 

Elongation  per  inch  under  strain  at  elastic  limit do. . . 

Reduction  in  diameter  at  point  of  rupture do. . . 

Reduction  in  area  after  rupture,  per  cent  of  original  section 

Pndtion  of  rupture 

Chanujter  of  broken  surface fine  granular,  radiating  from  a  point  in  the  circumference 

Elongation  of  inch  section ''.02 


02 

0024 

.006 

1.8 
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PISTON    RODS    AND   BETEAOTION   ROPES. 


RETRACTION  AND  BUFFER  BRACKET  tlOOKS  FOR  10-INCll  BARBETTE 

CARRIAGE. 


STEEL   CASTINGS. 
RETRACTION  HOOK. 


Measurements  for  dwtortion  of  hook  taken  from  point  of  hook  to 
fixed  block  in  testing  machine. 


Applied 
loads. 

Distortion 
of  hook. 

Applied 
load8. 

Distortion  of  hook. 

P<mnd9. 

Inch, 

Pound». 

Iwh. 

1,000 

0. 

16,000 

.21 

5,000 

.03 

17,000 

.25 

10,000 

.10 

18,000 

.28 

1,000 

.02 

19,000 

.32 

15,000 

.19    I 

20.000 

.38 

1,000 

.08 

1,000 

.22 

1,000 
5,000 
10,000 
15.000 
1,000 
16.000 
17,000 


BUFFER  BRACKET. 


0. 
.08 
.19 
.30 
.11 
.32 
.85 


18.000 
19,000 
20,000 
20.000 
20.000 
1,000 


.40 

.43 

.52 

.  57  after  5  minutes. 

.  58  after  10  minutes. 

.34 


A  part  of  the  apparent  distortion  of  the  hook  is  attributed  to  the 
partial  shearing  of  the  1-inch  bolts  securing  the  bracket  to  the  testing 
fixture. 

piston  rods  and  retraction  ropes. 

Piston  Rods. 

prcxif  strfsses  applied  to  piston  rods  for  gux  carriages. 


Description. 


Tensile 

stress  ai>- 

plicd. 


Poun(l». 

75-millimeter  Vicker-Maxlm  mountain  grun  carriage 12, 500 

15-poun«k'r  DriggR-Seabury  R.  F.  gun  carriage '  131, 966 

5-imhR.  F.,  B.  L.  rifle  earritige I  100,000 

8-ineh  disappc^aring  carriage,  model  1896 72, 000 

10-inch  diHiippearing  carriage 125, 000 

12-inch  diNapiicaring  carriage i  150, 000 

12-inch  barbette  carriage 279,128 


Wire  Retraction  Ropes. 

PROOF  STRESSES  APPLIED  TO  WIRE  RETRACTION  R0f»ES  FOR  GUN  CARUlA(iES. 


Description. 


'-inch  steel  wire  retraction  ropes  with  conical  sockets,  for  8-inch  disappearing 
carriages 

/j,-inch  steel  wire  retraction  ropes  with  conlctil  sockets,  for  10-inch  disappearing 
carriages 

i-inch  Hteel  wire  retraction  ropes  with  conical  sockets,  for  12-inch  dij<ap|H'4iring 
carriages 


Tensile 
utress  ap- 
plied. 


I\nin(Us. 
7,080 
.s,800 
15,000 


BECOIL   CYLINDER,  12-INCH   MORTAR   CARRIAGE. 
RECOIL  CYLINDER,  12-INCH   MORTAR  CARRIAGE. 

Steel  from  fractured  easting  from  Fort  Preble,  Me. 
Specimen  taken  longitudinally  near  secondary  fracture. 
Gfauged  length,  3". 
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No.  of 
test. 

10481 

Diam- 
eter. 

Sec- 
tional 
area. 

Elastic  limit. 

Ultimate  strength. 

Contrac- 
tion of 
area. 

Total. 

Per 
square 
inch. 

Total. 

Per 

square 
Inch. 

Elongation  In  8 
Inches. 

Inch, 
0.564 

Square 
inch. 
0.26 

Pounds. 
7.S00 

Pound*. 
29,200 

Pounds. 
16,960 

Pounds. 
67,800 

Inch. 
0.90 

Percent. 
80 

Pcrcaa. 
27.4 

Appearance  of  fracture oblique;  silky  and  granular  metal  miter  mingled. 

Elongation  of  inch  sections ^ "'.26,  ".88*,  ".27 

DESCRIPTION  OF  FRACTURES  IN  THE  CASTING. 


1".58. 
Primitive  fraeUirc. 


2^.0626  diameter. 

''.96 

Secondary  fracture. 


1^.40 

3ca 

was  taken  for  tensile  tesl 


Location  from  whence  specimen 


The  primitive  fracture,  in  the  wall  between  the  main  cylinder  and 
the  auxiliary,  presented  a  granular  appearance,  radiating  from  spongy 
metal  near  the  surface  of  the  bore  of  the  main  cA'linder.  The  spongy 
metal  extended  over  a  length  of  18"db,  and  at  its  maximum,  was  ".85 
deep  from  the  surface  of  the  bore,  thus  leaving  about  ".68  thickness 
of  sound  metal  beyond,  at  the  worst  place.  There  were  several  small, 
spongy  spots  in  tne  surface  of  the  oore  in  this  vicinity,  ranging  in 
diameter  from  ".01  to  ".02. 

A  secondary  fracture  was  formed  at  the  junction  of  the  two  cylinders, 
extending  inward  from  the  exterior  sunace  of  the  casting,  in  depth 
nearly,  but  not  quite,  reaching  the  surface  of  the  bore.  This  fracture 
had  its  origin  at  a  spongy  spot  about  ".85  deep,  on  the  outside  of  the 
casting. 

The  tensile  specimen  was  taken  out  longitudinally  from  the  walls  of 
the  cylinder  adjacent  to  the  secondaiy  fracture. 

H.  Doc.  335 4 
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BEINFOBCING   PLATE,    12-INCH   MOBTAE   CABBIAGE. 
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STEEL  SPECIMENS. 
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STEEL  FOR  YOKES 

FROM  THS 

BUREAU  OF  ORDNANCE,  UNITED  STATES  NAVY. 
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STEEL   FOB   YOKES. 

Steel  for  Yokes. 

No.  7439. 
Marks,  fn 
Diameter,  ".600. 
Sectional  area,  .196  square  inch. 
Gauged  length,  2". 
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Applied 

IcNidfiper 

square 

inch. 

Elonfation 
per  Inch. 

SncceflBlve 
elongation 
perlnch. 

Permanent 
set. 

Sncceasivc 

permanent 

set. 

Remarks. 

Poundi. 
1,000 
6,000 
10,000 
20,001) 
30,000 
35,000 
36,000 
87,000 
88,000 
39.000 
40,000 
87.660 

Inch, 
0. 

.00010 
.00020 
.00060 
.00106 
.00120 
.00840 
.00886 
.00460 
.00610 
.00665 

Inch. 
0. 

.00010 
.00010 
.00040 
.00046 
.00015 
.00220 
.00045 
.00065 
.00060 
.00066 

Inch, 

0. 

0. 

Inch. 
0. 
0. 

IniUal  load. 
Elanic  limit. 

Temdle  strength. 

0. 
0. 

0. 
0. 





'         1        

General  tummary. 

Tensile  strength  per  square  inch  of  original  section pounds..  87,660 

Elastic  limit  per  square  inch  of  original  section do. ..  86,000 

Elongation  per  inch  after  rupture inch..       .20 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .00120 

Reduction  in  diameter  at  point  of  rup*ure do. . .      .080 

Reduction  in  area  after  rupture,  per  cent  of  original  section 29. 1 

Position  of  rupture I'M  from  neck 

Character  of  broken  surface granular  60  per  cent,  silky  40  per  cent 

Elongation  of  inch  sections ".28*,  ".17 
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steel  foe  yokes. 
Steel  for  Yokes, 


Marks,  fn 


No.  7440. 


luaiiko,  in 

Diameter,  ".500. 

Sectional  area,  .196  square  inch. 

Gauged  length,  2". 


Applied 

loads  per 

square 

Inch. 

Elongation 
per  inch. 

SnccesBlve 
elongation 
per  inch. 

Permanent 
set. 

Successiye 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
34,000 
36,000 
86,000 
37,000 
38,000 
39,000 
40.000 
80,400 

Inch. 
0. 

.00010 
.00020 
.00066 
.00100 
.00116 
.00210 
.00300 
.00426 
.00610 
.00676 
.00660 

Inch. 
0. 

.00010 
.00010 
.00035 
.00046 
.00016 
.00095 
00090 
.00126 
.00065 
.00066 
.00085 

Inch. 

0. 

0. 

Inch. 
0. 
0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 

0. 

0. 

General  mmmary. 

Tensile  strength  per  square  Inch  of  original  section pounds..  80,400 

Elastic  limit  per  square  Inch  of  original  section do ...  34, 000 

Elongation  per  inch  after  rupture inch..      .085 

Elongation  per  inch  under  strain  at  ela.«itic  limit do...  .00115 

Reduction  in  diameter  at  po*nt  of  rupture do. . .      .040 

Reduction  in  area  after  rupture,  per  cent  of  original  section 15. 3 

Position  of  rupture ".76  from  neck 

Character  of  broken  surface granular,  radiating  from  a  dull,  silky  spot  in  the  circumference 

Elongation  of  inch  sections 'M0»,  ".ffl 


STEEL    FOR    YOKES. 
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Steel  for  Yokes. 


No.  7441 


Marks,  m 

Diameter,  ''.500. 

Sectional  area,  .196  square  inch. 

Gauged  length,  2". 


Applied 

loads  per 

square 

inch. 

Elongation 
per  inch. 

SuccefHiye 
elongation 
perlnch. 

Permanent 
set. 

SnccessiTe 

permanent 

set. 

Remarks. 

Pound*. 
1,000 
6,000 
10,000 
20,000 
30,000 
84.000 
86,000 
86,000 
37,000 
88,000 
39.000 
40,000 
86,700 

Inch. 
0. 

.00010 
.00080 
.00060 
.00100 
.00116 
.00140 
.00165 
.00690 
.00626 
.00660 
.00716 

Inch. 
0. 

.00010 
.00020 
.08080 
.00040 
.00016 
.00026 
.00026 
.00426 
.00085 
.00086 
.00066 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

0.                   0. 

Elastic  limit. 

1 

Tensile  strength. 

... 

1 

Oeneral  summary. 

Tensile  strength  per  square  Inch  of  original  section pounds..  86,700 

Elastic  limit  per  square  inch  of  original  section do...  34,000 

Elongation  per  inch  after  rupture inch..       .19 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00116 

Reduction  in  diameter  at  point  of  rupture do...      .060 

Reduction  in  area  after  rupture,  per  cent  of  original  section 18. 9 

Position  of  rupture ^^.83  from  neck 

Character  of  oroken  surface granular,  60  per  cent;  silky,  40  percent 

Elongation  of  inch  sections ".17,  *.21* 
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CAST  IRON  AND  PIG  IRONS. 


TENSION  TESTS  AND  CHEMICAL  ANALYSES. 
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OAST  IBON   AND  PIO   IBOire. 
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0A8T   IKOK   AND   PIG    IRONS. 
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GUN  CARRIAGE  AND  INGOT  METAL. 
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BRONZE  FROM  OLD  12-POUNDER  GUNS  IN  STORE 
AT  WATERTOWN  ARSENAL 


SPECIMENS  FROM  THE  GUNS,  AND  RECAST  METAL 
FROM  THE  SAME. 
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BRONZE   FROM    OLD    12-POUNDER   GITN8. 


Tl 


The  metal  from  each  of  three  12-pounder  bronze  guns  in  store  at 
Watertown  Arsenal  were  examined  for  physical  properties,  and  chem- 
ical analyses  of  the  material  were  made. 

For 'identification  the  guns  were  marked  1,  2,  and  3.  They  were 
branded  as  follows: 


No. 

Legenda. 

Breech. 

Muzzle,  In  part. 

1 

H.  N.  Hoopor  &  Co.,  No.  346 

1,236  pounds  C.C.  1864. 
1, 286  pounds  T.  J.  R.  1868. 
1, 280  poUDd8R.M.H.  1864. 

2 

C.  A.  &  Co.,  No.  166 

8 

Reyere  Copper  Co.,  No.  440 

The  guns  were  cut  into  sections  in  the  lathe  and  longitudinal  seg- 
ments token  out  by  the  planer,  and  from  t^e  latter  tensile  specimens 
were  turned  down,  from  which  the  original  properties  of  tne  metal 
were  ascertained.  Subsequently  the  metal  from  each  of  guns  Nos.  1 
and  2  were  remelted  and  cast  into  ingots  in  iron  molds,  from  whence 
tensile  specimens  were  taken.  Finaflv,  metal  from  guns  l^os.  2  and 
3  were  melted,  tin  and  zinc  added,  and  tensile  specimens  taken  from 
the  ingots  which  these  mixtures  furnished.  Chemical  analyses,  spe- 
cific gravity,  and  hardness  determinations  were  made  on  the  original 
jnetaJ  taken  directly  from  the  guns. 

It  appears  that  tne  metal  is  approximately  the  so-called  gun  metal, 
88,  10,  and  2  mixture  in  the  piece  branded  H.  N.  H.  &  Co. ;  a  90  Cu, 
10  Sn  mixture  in  the  C.  A.  &  Co.  gun,  and  90  Cu,  8  Sn,  2  Zn  mixture 
in  the  R.  C.  Co.  piece.  In  tensile  strength  the  original  metal  from 
the  guns  ranged  between  the  limits  of  36,000  and  47,000  pounds  per 
square  inch;  when  recast,  between  32,000  and  43,000  pounds  per  square 
inch,  and  after  the  addition  of  tin  and  zinc,  33,000  to  39,000  tensile 
strength  was  obtained. 

CHEMICAL  ANALYSES. 


Qun 
No. 

End. 

Marks. 

Copper. 

Tin. 

Zinc. 

Iron. 

1... 
1... 
2... 
2... 
8... 
8... 

'breech 

Muzzle 

H.  N.  Hooper&Co 

88.68 
88.85 
90.65 
90.60 
90.90 
90.77 

9.67 
9.40 
9.36 
9.60 
7.60 
7.75 

1.80 
1.75 

Trace. 

Trace. 
1.60 
1.48 

Trace. 
Trace. 

do 

Breech 

Muzzle 

C.  A.  &Co 

do 

Breech 

Muzzle 

Revere  Copper  Co 

do 
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BRONZE    FBOM   OLD    12-POUNDEE   GUNS. 


SPECIMENS  TAKEN  FROM  LONGITUDINAL  SLICES  FROM  THE  GUN 

Gun  No.  1,  Breech  End. 

Diameter,  l'M29. 

Sectional  area,  1.00  square  inch. 

Gauged  length,  10". 


Applied 

loads  per 

square 

inch. 

Elonfipation 
per  Inch. 

Succeasive 
elongation 
perlnch. 

Permanent 

set. 

Inch. 

Suocesaive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19.000 
19,000 
89,800 

Inch. 
0. 

.00007 
.00014 
.00021 
.00028 
.00035 
.00042 
.00049 
.00055 
.00062 
.00070 
.00077 
.00085 
.00098 
.00105 
.00122 
.00151 
.00200 
.00420 
.00600 

Inch. 
0. 
.00007 

.00007 

.00007 
.00007 
.00007 
.00006 
.00007 
.00008 
.00007 
.00006 
.00006 
.00012 
.00017 
.00029 
.00049 
.00220 
.00080 

Inch. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

::::::::::::i:::::  ::: 

1 

0. 

0- 

1 

1 

1 

0. 

■0. 

::::::::::::::::::::;::: 

1 

..., 1 

.00012 

.00012 

1 

.00385 

.00373 

1 

General  summary, 

TenBile  strength  per  square  inc h  of  original  sec tion pounds . .  39, 800 

Elastic  limit  per  square  inch  of  original  section do ...  14, 000 

Elongation  per  inch  after  rupture inch. .      .  225 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00093 

Reduction  in  diameter  at  point  of  rupture do. . .      .119 

Reduction  in  area  after  rupture,  per  cent  of  original  section 19. 9 

Character  of  broken  surface uniform,  dull  lavender  yellow 

Elongation  of  inch  secUons ".21 ,  ".22,  ".22,  ".23,  ".28,  ".22,  ".23,  ".27*,  ".22,  ".20 


bronze  from  old  12-pounder  guns. 
Gun  No.  1,  Muzzle  End. 
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Diameter,  1".009. 

Sectional  area,  .800  square  inch. 

Gauged  length,  10". 


Applied 

loads  per 

square 

Inch. 

Elongation 
perlnch. 

SucceaslYe 
elonsation 
perlnch. 

Permanent 
set 

SucceiHive 

permanent 

set. 

Remarks. 

Pounds. 
1.000 
2,000 
3,000 
4,000 
6,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
41,440 

Inch. 

0. 

.00007 
.00013 
.00020 
.00029 
.00086 
.00042 
.00060 
.00057 
.00066 
.00072 
.00082 
.00090 
.00100 
.00118 
.00145 
.00205 
.00500 
.01080 
.01600 

Inch. 
0. 
.00007 
.00006 
.00007 
.00009 
.00006 
.00007 
.00006 
.00007 
.00009 
.00006 
.00010 
.00008 
.00010 
.00018 
.00027 
.00060 
.00295 
.00580 
.00670 

Inch. 

Inch. 

Initial  liMul. 

» 

Elastic  limit. 

t 

Tensile  strenirth. 



0. 

0. 

0. 

0. 

.00001 

.00001 

.00016 

.00014 

.01458 

.01448 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  41,440 

Elastic  limit  per  square  inch  of  original  section do. . .  14, 000 

Elongation  per  Inch  after  rupture inch..      .887 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00100 

Reduction  in  diameter  at  point  of  rupture do...      .160 

Reduction  in  area  after  rupture,  per  cent  of  original  section 29.1 

Character  of  broken  surface uniform,  golden  yellow 

Elongation  of  inch  sections ''.83,  ».81,  ^32,  ".31,  «'.32,  ''.SI,  ''.SS,  f*.^,  ''.35,  ".45,  broke  in  the  neck 
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BRONZE   VROU   OLD   12-POUNDER   GUNS. 

Gun  No.  2,  Breech  End. 


Diameter,  1".129. 

Sectional  area^  1  square  inch. 

Gauged  length,  10". 


Applied 

loads  per 

square 

inch. 


Pound*. 
1,000 
2,000 
8,000 
4,000 
6,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
16,000 
16,000 
17,000 
18,000 
19,000 
20.000 
20,000 
43.800 


lOnffatiOE 
)er  Inch. 


per 


Inch. 

Q. 
.00007 
.00012 
.00019 
.00026 
.00031 
.00039 
.00046 
.00062 
.00060 
.00067 
.00074 
.00083 
.00091 
.00102 
.00119 
.00142 
.00180 


.00410 
.00490 


Successive ' 
elongation '. 
per  inch. 


Permanent 
set. 


Successive 

permanent 

set. 


Inch. 

0. 
.00007 
.00006 
.00007 
.00007 
.00006 
.00006 
.00006 
.00007 
.00008 
.00007 
.00007 
.00009 
.00006 
.00011 
.00017 
.00023 


.00100 
.00130 
.00080 


Inch. 

Inch. 

0. 

I). 



0. 

0. 


.00009  1   .00009 

1 

1 

1 

1 

Remarks. 


Initial  ItNul. 


.00420 


.00411 


Elastic  limit. 


Tensile  strength. 


General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  43,800 

Elastic  limit  per  fcquare  inch  of  original  section do...  14,000 

Elongation  per  inch  after  rupture inch..      .312 

Elongation  per  inch  under  strain  at  elajBticlimit do...  .00091 

Reduction  in  diameter  at  point  of  rupture do...     .199 

Reduction  in  area  after  rupture,  per  cent  of  original  section 32. 1 

Character  of  broken  surface uniform,  lavender  yellow 

Elongation  of  inch  Becttons ".28,  ".29,  ".30,  ".30  ".31,  ".32,  ".82,  ".31,  .SI'',  ".38* 


bronze  fbom  old  12-pouifdee  guns. 
Gun  No.  2,  Muzzle  End. 
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Diameter,  1".009. 

Sectional  area,  .800  square  inch. 

Gauged  length,  10". 


Applied 

loftQHper 

square 

inch. 

Elongation 
per  Inch. 

SacceniTe 
eloniration 
per  inch. 

Permanent 
set. 

Succenive 

permanent 

act. 

Inch. 

Remaikii. 

Poundt. 
1.000 
2,000 

4,000 

6,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

18,000 

14,000 

16,000 

16.000 

17,000 

18,000 

19,000 

20,000 

21,000 

22,000 

47,000 

Inch, 
0. 
.00006 
.00011 
.00018 
.00024 
.OOOSl 
.00088 
.00044 
.00061 
.00068 
.00064 
.00072 
.00060 
00090 
ioQlOO 
.00116 
.00186 
.>0176 
.)0260 
.00890 
.00660 
.01000 

Inch, 
0. 

.00006 
.00006 
.00007 
.00006 
.00007 
.00007 
.00006 
.00007 
.00007 
.00006 
.00008 
.00006 
.00010 
.00010 
.00016 
.00020 
.00041 
.00074 
.00140 
.00200 
.00660 

Inch. 

Initial  load. 

Elastic  limit. 
Teniiile  strength. 

j 

1 

1 

0.            1     0. 

1 

1 

1           *      ' 

0. 

0. 

.00004 

.00004 

.00273 

.00269 

General  gummary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  47, 000 

EUuitic  limit  per  square  inch  of  original  section do. ..  14, 000 

Elongation  per  inch  after  rupture inch..      .407 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00090 

Reduction  in  diameter  at  point  of  rupture do...     .179 

Reduction  in  area  after  rupture,  per  cent  of  original  section 82. 4 

Chaiacter  of  broken  surface uniform,  dark  yellow 

Elongation  of  inch  eecUons ^41,  ''.41,  *.42,  ''.40,  *40,  «'.40,  «'.40,  Ml,  «'.38,  ".44* 
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BBONZE   FROM   OLD   12-POUNDEB  GUNS. 

Gun  No.  3,  Breech  End. 


Diameter,  1".129. 

Sectional  area^  1  square  inch. 

Gauged  length,  10". 


Applied 

loads  per 

Hquare 

Inch. 

Elongation 
per  inch. 

Successive 

elongation 

perinch. 

Permanent 
Bet. 

Successive 

permanent 

net. 

Remarks. 

Pmmde. 
1,000 
2,000 
3,000 
4,000 
6,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
43,070 

Inch, 

0. 

.00008 
.00015 
.00022 
.00029 
.00034 
.00041 
.00049 
.00054 
.00060 
.00067 
.00076 
.00084 
.00100 
.00118 
.00160 
.00220 

'  .00380 
.00700 
.01200 

Inch, 

0. 
.00006 
.00007 
.00007 
.00007 
.00005 
.00007 
.00008 
.00005 
.00006 
.00007 
.00009 
.00008 
.00016 
.00018 
.00042 
.00060 
.00160 
.00320 
.00500 

Inch. 

Inch. 

Initial  load. 

Elastic  limit. 
Tensile  Ktrength. 

0. 

0. 

.00001- 

.00008 

.00002+ 

.00080 

.00027 

.01070 

.01040 

1 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  43, 070 

Elastic  limit  per  square  inch  of  original  section do...  13,0U0 

Elongation  per  incn  after  rupture inch . .      .428 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  00084 

Reduction  in  diameter  at  point  of  rupture do. . .      .209 

Reduction  in  area  after  rupture,  per  cent  of  original  section 33. 5 

Character  of  broken  surface uniform,  reddish  yellow 

Elongation  of  inch  secUons ^41,  ".43,  ".42,  ".43,  ".61*,  ".45,  ".42,  ".43,  ".40,  "38 


bbonze  from  old  12-pounder  guns. 
Gun  No.  3,  Muzzle  End. 
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Diameter,  1".009. 

Sectional  area,  .800  square  inch. 

Gauged  length,  10". 


Applied 
loads  per 

Elongation 
per  Inch. 

Sucoessive 
elongation 
perinch. 

Permanent 
sot. 

BucccsBiye 

permanent 

set 

Remarks. 

P&undt. 

1,000 

2,000 

8,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

18,000 

14.000 

15,000 

16,000 

17,000 

18,000 

19,000 

20,000 

20,000 

20,000 

85,130 

Inch. 
0. 

.00006 
.00014 
.00021 
.<NMU9 
.00086 
.00042 
.00050 
.00057 
.00065 
.00071 
.00081 
.00092 
.00106 
.00142 
.00200 
.00800 
.00500 
.OOSOO 
.01400 
.OHW) 
.01700 

Inch, 
0. 
.00006 
.00006 

.00007 
.00008 
.00007 
.00006 

.00006 
.00007 
.00008 
.00006 

.00010 
.00011 
.00016 
.00034 
.00058 
.00100 
.00200 
.00800 
.00600 
.00200 
.00100 

Inch. 

Inch. 

Initial  load. 

::::::::::::i:::::::::::: 

1 

0. 

0. 

I 

1 

1 

.00001 

.OOUOl 

.00004 

.00003 

Elastic  limit. 

.00048 

.00041 

.0164^ 

.01597 

1 
Tensile  »trength. 

Genei-al  nummary. 

Tensile  strength  per  square  inch  of  original  section pounds..  35,130 

Elastic  limit  per  square  inch  of  original  tiection do. ..  12, 000 

Elongation  per  inch  after  rupture inch . .      .218 

Elongation  per  inch  under  strain  at  elaHtic  limit do...  .00081 

Reduction  in  diameter  at  point  of  rupture do. . .      .  159 

Reduction  in  area  after  rupture,  per  cent  of  original  section 29. 1 

Character  of  brolcen  surface reddish  yellow,  vpongy  nnits 

ElongaUon  of  inch  secUona ; ".20,  ".18,  ".21,  ".19,  ".19,  ".20,  ".20,  ".31«,  ^.IS,  ".22 
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BRONZE    FROM   OLD    12-POUNDER   GUNS. 
SPECIMENS  OF  RECAST  METAL, 

Gun  No.  1,  Muzzle  End. 

RECAST. 


Diameter,  ".541. 

Sectional  area,  .23  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Bemarks. 

Elongur 
Uon. 

Set. 

Pounds. 
1,000 
10,480 
18,260 
20,420 
21,800 
22,170 
23,040 
28,910 
24,780 
25.220 
32,390 

Inch. 
0. 

Inch. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 

.01 
.02 
.06 
.04 
.05 
.06 
.07 
.09 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  32,390 

Elastic  limit  per  square  inch  of  original  section do...  10,430 

Elongation  per  inch  after  rupture inch..      .103 

Reduction  in  diameter  at  point  of  rupture do...      .041 

Reduction  in  area  after  rupture,  per  cent  of  original  section 14.8 

Character  of  hroken  surface lavender  yellow,  crystalline  structure 

Elongation  of  inch  sections ".10, 'Ml*  ".10 

Gun  No.  2,  Muzzle  End. 


RECAST. 


Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
16,800 
19,600 
22,000 
22,800 
28,600 
25,200 

81,600 
43,820 

Inch. 
0. 

Inch. 

Initial  load. 
Elastic  limit 

Tensile  strength. 

.01 
.02 
.03 
.04 
.05 
.06 
.07 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  43,320 

Elastic  limit  per  square  inch  of  original  section do...  16,800 

Elongation  per  incn  after  rupture inch..      .233 

Reduction  in  diameter  at  point  of  rupture do . . .     .064 

Reduction  in  area  after  rupture,  per  cent  of  original  section 21.6 

Character  of  broken  surface light  lavender,  crystalline  structure 

Elongation  of  inch  sections *.26*,  ".23,  ".22 


BRONZE   FROM   OLD    12-POUNDER   GUNS. 
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SPECIMENS  OF  RECAST  METAL  WITH  TIN,  OH  TIN  AND  ZINC,  ADDI- 
TIONS. 

Gun  No.  2,  Muzzle  End. 

recast,  2  per  gent  tin  al>ded. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

IcMuuper 

square 

inch. 

Elonga- 
tion. 

Set 

RemarkH. 

Pounds. 
1,000 
14.000 
21,600 
26,000 
27,200 
28,800 
80,000 
81,200 
82,000 
32,800 
86,880 

Inch. 
0. 

IncfL 

Initial  load. 

Elastic  limit. 

.01 
.02 
.03 
.04 
.05 
.06 
.07 
.06 

• 

Tensile  strength. 

General  summary. 

Tensile  strength  per  square  Inch  of  original  section pounds. .  86, 880 

Elastic  limit  per  square  inch  of  original  section do. . .  14, 000 

Elongation  per  incn  after  rupture inch..     .057 

Reduction  in  diameter  at  point  of  rupture do...     .084 

Reduction  in  area  after  rupture,  per  cent  of  original  section 11.6 

Character  of  broken  surface yellowish  gray,  crystalline  structure 

Elongation  of  inch  sections ^  04,  ^.06, ''.07* 
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BRONZE   FROM    OLD    12-POUNDER    GUNS. 


Gun  No.  2,  Brrecii  and  Muzzle  Ends. 

recast,  i  per  cent  tin  and  1  per  cent  zinc  added. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

nquare 

inch. 

Ptmnds. 
1,000 
12,000 
16,000 
18,400 
19,200 
19,600 
20,800 
21,600 
22,000 
22,400 
22,400 
22,800 
33,600 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Bemarks. 

Inch. 
0. 

l7lCh, 

Initial  load. 
Elaatic  limit. 

Tensile  strength. 

.01 
.02 
.03 
.04 
.06 
.06 
.07 
.08 
.09 
.10 

. 

General  summary. 

Tensile  iitrength  per  square  Inch  of  original  section pounds. .  33, 600 

Elastic  limit  per  square  inch  of  original  section do. . .  12, 000 

Elongation  per  inch  after  rupture inch..      .198 

Reduction  in  diameter  at  point  of  rupture do...      .074 

Reduction  in  area  after  rupture,  per  cent  of  original  section 24. 4 

Character  of  broken  surface uniform,  golden  yellow  with  small  lavender  spots 

Elongation  of  inch  sections ".  18, ".  20*,  14". 

Gun  No.  3,  Breech  and  Muzzle  Ends. 

recast,  i  per  cent  tin  and  1  per  cent  zinc  added. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  4". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 
Inch. 

Pounds. 
1,000 
9,200 
18,800 
22,000 
23,600 
24,000 
24,800 
25,600 
26,400 
26,800 
39,600 

Inch. 
0. 

Initial  load. 
Klastir  limit 

Tensile  strength. 

.01 
.02 
.03 
.04 
.05 
.06 
.07 
.06 

General  summary. 

Tensile  strength  per  square  inch  of  original  section ponnds..    89,600 

Elastic  limit  per  square  inch  of  original  section do...     9,200 

Elongation  per  incn  after  rupture inch..       .168 

Reduction  in  diameter  at  point  of  rupture do...       .044 

Reduction  in  area  after  rupture,  per  cent  of  original  section 15.2 

Character  of  broken  surface uniform,  lavender,  crystalline 

Elongation  of  inch  sections ".18,  ".  18*, 'M5,  ".16 


BBONZE   FROM   OLD   12-POUNDER   GQNB. 
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Tabagb  Table  fob  PBEfisUBE   Ctundebs  Fubnished  with  the 
GoLAZ  (Fbench)  Appabatus. 

Cyllndera  reoeiyed  from  Frankford  Anenal. 

Mean  dimensions:  Length,  ".6110;  diameter,  ".3140. 


Actual 

Total  oompreflBionfl. 

Mean 

loads 

oor- 

ap- 

lected 

plied. 

1. 

2. 

8. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Mean. 

■eta. 

l^mruU 

Inch. 

Inch. 

Indi, 

Inch. 

Inch, 

Inch, 

Inch. 

Inch, 

Inch. 

Inch. 

Inch, 

Inch. 

100 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

200 

.0002 

.0002 

.0002 

.0001 

.0001 

.0002 

.0002 

.0002 

.0002 

.0001 

.0002 

.0001 

aoo 

.0008 

.0006 

.0007 

.0006 

.0005 

.0006 

.0002 

.0004 

.0007 

.0002 

.0006 

.0004 

400 

.0021 

.0012 

.0019 

.0018 

.0015 

.0006 

.0005 

.0018 

.0014 

.0004 

.0018 

.0011 

500 

.0087 

.0029 

.0035 

.0037 

.0082 

.0011 

.0016 

.0080 

.0024 

.0006 

.0026 

.0024 

600 

.0060 

.0061 

.0064 

.0067 

.0049 

.0019 

.0086 

.0047 

.0045 

.0006 

.0042 

.0089 

700 

.0077 

.0070 

.0076 

.0061 

.0070 

.0086 

.0066 

.0068 

.0061 

.0006 

.0060 

.0067 

800 

.0102 

.0091 

.0098 

.0100 

.0094 

.0068 

.0074 

.0088 

.0065 

.0007 

.0079 

.0075 

900 

.0122 

.0127 

.0116 

.0126 

.0109 

.0078 

.0096 

.0110 

.0108 

.0008 

.0099 

.0091 

1,000 

.0147 

.0186 

.0140 

.0147 

.0140 

.0106 

.0115 

.0182 

.0128 

.0009 

.0120 

.0114 

1,100 

.0170 

.0168 

.0168 

.0174 

.0166 

.0120 

.0141 

.0155 

.0145 

.0010 

.0140 

.0184 

1.200 

.0197 

.0190 

.0190 

.0195 

.0186 

.0140 

.0166 

.0180 

.0175 

.0011 

.0168 

.0167 

i.aoo 

.0220 

.0218 

.0215 

.0228 

.0216 

.0168 

.0190 

.0205 

.0196 

.0012 

.0186 

.0178 

1,400 

.0250 

.0240 

.0243 

.0251 

.0286 

.0189 

.0220 

.0236 

.0220 

.0018 

.0210 

.0902 

1,600 

.0279 

.0274 

.0270 

.0282 

.0268 

.0214 

.0243 

.0258 

.0255 

.0014 

.0286 

.0227 

1,600 

.0810 

.0800 

.0300 

.0907 

.0296 

.0240 

.0272 

.0288 

.0280 

.0016 

.0261 

.0251 

1,700 

.0686 

.ocao 

.0330 

.0688 

.0622 

.0267 

.0606 

.0814 

.0810 

.0017 

.0287 

.0277 

1,800 

.0670 

.0863 

.0865 

.0874 

.0860 

.0802 

.0634 

.0846 

.0840' 

.0018 

.0616 

.0806 

1,900 

.0402 

.0400 

.0392 

.0400 

.0888 

.0690 

.0865 

.0878 

.0870 

.0019 

.0644 

.0684 

2,000 

.0485 

.0426 

.0426 

.0481 

.0416 

.0841 

.0400 

.0406 

.0404 

.0022 

.0681 

.0909 

2,100 

.0469 

.0462 

.0462 

.0470 

.0457 

.0698 

.0480 

.0441 

.0435 

.0028 

.0404 

.0882 

2,200 

.0601 

.0492 

.0490 

.0602 

.0488 

.0427 

.0470 

.0480 

.0471 

.0026 

.0484 

.0422 

2,800 

.0647 

.0632 

.0680 

.0644 

.0626 

.0462 

.0600 

.0606 

.0606 

.oote 

.0468 

.0466 

2,400 

.0672 

.0670 

.0664 

.0570 

.0663 

.0491 

.0640 

.0548 

.0640 

.0064 

.0496 

.0485 

2,600 

.0610 

.0606 

.0608 

.0610 

.0596 

.0626 

.0670 

.0684 

.0678 

.0040 

.0682 

.0519 

2.600 

.0646 

.0646 

.0640 

.0647 

.0626 

.0668 

.0610 

.0628 

.0606 

.0068 

.0667 

.0664 

2,700 

.0689 

.0678 

.0671 

.0690 

.0666 

.0606 

.0647 

.0658 

.0646 

.0104 

.0606 

.0691 

2,800 

.0724 

.0718 

.0714 

.0728 

.0710 

.0644 

.0683 

.0696 

.0686 

.0179 

.0648 

.0694 

2,900 

.0769 

.0766 

.0759 

.0766 

.0789 

.0681 

.0780 

.0737 

.0726 

.0269 

.0602 

.0678 

S.000 

.0802 

.0798 

.0800 

.0610 

.0790 

.0710 

.0761 

.0779 

.0764 

.0888 

.0786 

.0720 

8,100 

.0840 

.0636 

.0638 

.0841 

.0827 

.0761 

.0610 

.0618 

.0602 

.0426 

.0780 

.0765 

8,200 

.0681 

.0883 

.0877 

.0688 

.0667 

.0796 

.0848 

.0668 

.0844 

.0497 

.0624 

.0809 

8.800 

.0921 

.0917 

.0911 

.0926 

.0906 

.0831 

.0692 

.0896 

.0887 

.0680 

.0867 

.0662 

8,400 

.0968 

.0966 

.0964 

.0967 

.0954 

.0881 

.0938 

.0987 

.0926 

.0662 

.0914 

.0899 

8.600 

.1000 

.1010 

.1000 

.1010 

.0990 

.0926 

.0976 

.0964 

.0970 

.0696 

.0966 

.0941 

8.600 

.1040 

.1046 

.1045 

.1064 

.1085 

.0960 

.1011 

.1084 

.1015 

.0778 

.1002 

.0967 

8,700 

.1076 

.1076 

.1078 

.1090 

.1078 

.1014 

.1066 

.1068 

.1066 

.0860 

.1044 

.1029 

8,800 

.1123 

.1126 

.1124 

.U88 

.1180 

.1047 

.1000 

.1090 

.1096 

.0899 

.1066 

.1071 

8,900 

.1166 

.1180 

.1170 

.1184 

.1160 

.1079 

.1139 

.1145 

.1189 

.0962 

.1191 

.1116 

4,000 

.1204 

.1215 

.1210 

.1216 

.1190 

.1126 

.1172 

.1184 

.1186 

.1000 

.1170 

.1164 

4.100 

.1286 

.1244 

.1289 

.1236 

.1230 

.1170 

.1215 

.1226 

.1224 

.1060 

.1206 

.1192 

4,200 

.1280 

.1279 

.1265 

.1270 

.1270 

.1209 

.1249 

.1254 

.1259 

.1120 

.1246 

.1280 

4,800 

.1819 

.1830 

.1830 

.1830 

.1820 

.1248 

.1280 

.1289 

.1289 

.1167 

.1290 

.1274 

4^400 

.1870 

.1870 

.1358 

.1361 

.1870 

.1280 

.1835 

.1342 

.1888 

.1206 

.1838 

.1817 

4,500 

.1418 

.1415 

.1896 

.1410 

.1402 

.1325 

.1870 

.1890 

.1375 

.1240 

.1874 

.1958 

4600 

.1462 

.1460 

.1485 

.1440 

.1424 

.1860 

.1408 

.1490 

.1417 

.1283 

.1410 

.1394 

4,700 

.1498 

.1490 

.1480 

.1490 

.1466 

.1400 

.1449 

.1460 

.1460 

.1848 

.1464 

.1488 

4  800 

.1681 

.1540 

.1622 

.1530 

.1510 

.1439 

.1490 

.1496 

.1497 

.1895 

.1496 

.1479 

4.900 

.1677 

.1678 

.1568 

.1665 

.1560 

.1480 

.1685 

.1540 

.1554 

.148^ 

.1689 

.1628 

6,000 

.1615 

.1621 

.1592 

.1609 

.1580 

.1530 

.1670 

.1689 

.1685 

.1480 

.1577 

.1660 

6,100 

.1654 

.1665 

.1640 

.1641 

.1625 

.1564 

.1606 

.1628 

.1625 

.1580 

.1618 

.1601 

6.20O 

.1696 

.1710 

.1676 

.1688 

.1667 

.1598 

.1660 

.1660 

.1666 

.1678 

.1658 

.1641 

6,800 

.1741 

.1780 

.1720 

.1726 

.1700 

.1684 

.1689 

.1705 

.1696 

.1621 

.1606 

.1681 

5.400 

.1778 

.1786 

.1769 

.1765 

.1750 

.1678 

.1726 

.1760 

.1750 

.1670 

.1741 

.1724 

6.600 

.1819 

.1883 

.1792 

.17<»7 

.1''85 

.1710 

.1768 

.1786 

.1789 

.1706 

.1778 

.1760 

6.600 

.1866 

.18^ 

.1889 

.1848 

.1824 

.1755 

.1801 

.1880 

.1828 

.1749 

.1820 

.1802 

5,700 

.1896 

.1910 

.18^6 

.18^ 

.1860 

.1786 

.1844 

.1868 

.1868 

.1789 

.1857 

.1889 

5,800 

.1928 

.1946 

.1915 

.1920 

.1896 

.1880 

.1879 

.1897 

.1905 

.1885 

.1895 

.1877 

5.900 

.1966 

.1977 

.1958 

.Wl 

.1940 

.1868 

.1918 

.1940 

.1940 

.1878 

.1968 

.1915 

6,000 

.2024 

.2029 

.1969 

.1989 

.19^ 

.1904 

.1968 

.1974 

.1978 

.1910 

.vm 

.1954 

6.100 

.2060 

.2060 

.2028 

.2027 

.3020 

.1945 

.1992 

.2020 

.2011 

.1948 

.2010 

.1991 

6.200 

.2083 

.2089 

.2062 

.2062 

.2018 

.1982 

.2080 

.2049 

.2064 

.1982 

.2044 

.2025 

6,800 

.2116 

.2128 

.2096 

.2098 

.2081 

.2015 

.2060 

.2061 

.2084 

.2084 

.2079 

.2060 

6.400 

.2144 

.2160 

.2123 

.2123 

.2120 

.2048 

.2090 

.2109 

.2116 

.2068 

.2110 

.2091 

6,500 

.2177 

.2186 

.2166 

.2155 

.2i50 

.2090 

.2126 

.2145 

.2140 

.2106 

.2148 

.2124 

6.600 

.2210 

.2219 

.2184 

.2191 

.2183 

.2118 

.2160 

.2175 

.2174 

.2140 

.2176 

.2156 

6,700 

.2288 

.2251 

.2216 

.2225 

.2210 

.2145 

.2192 

.2203 

.2208 

.2174 

.2206 

.2187 

6.800 

.2270 

.2282 

.2249 

.2251 

.2240 

.2173 

.2J1H 

.2239 

.2288 

.2206 

.2287 

.2218 

6,900 

.2800 

.2815 

.2280 

.2275 

.22'»6 

.2196 

.2249 

.2265 

.2270 

.2238 

.2267 

.2248 

7,000 

.2829 

.2841 

.2818 

.2804 

.2300 

.1?*30 

.2279 

.2295 

.2297 

.2275 

.2297 

.2278 

7.100 

.2856 

.2867 

.2346 

.2338 

.  2:^34 

.2266 

.2315 

.2826 

.2308 

.2827 

.2806 
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ACtQAl 

Total  oompreasioiu. 

Mea 

loads 

cor 

ap- 

rect€ 

plied. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Mean. 

sets 

FoundB. 

Inch. 

Inch, 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch 

7,200 

.2884 

.2400 

.2870 

.2878 

.2858 

.2286 

.2341 

.2363 

.2357 

.2330 

.2867 

.28 

7,300 

.2415 

.2425 

.2897 

.2400 

.2389 

.2818 

.2367 

.2385 

.2386 

.2354 

.2384 

.28 

7,400 

.2438 

.2464 

.2420 

.2426 

.2416 

.2845 

.2896 

.2409 

.2413 

.2384 

.2410 

.28 

7,600 

.2462 

.2480 

.2449 

.2450 

.2440 

.2874 

.2420 

.2443 

.2440 

.2414 

.2487 

.24 

7.600 

.2489 

.2508 

.2476 

.2472 

.2469 

.2398 

.2452 

.2464 

.2466 

.2445 

.2464 

.24 

7.700 

.2516 

.2529 

.2602 

.2602 

.2492 

.2425 

.2474 

.2487 

.2491 

.2473 

.2489 

.24 

7.800 

.2541 

.2660 

.2629 

.2531 

.2516 

.2451 

.2605 

.2515 

.2511 

.2496 

.2614 

.24 

7,900 

.2667 

.2673 

.2552 

.2550 

.2542 

.2477 

.2530 

.2535 

.2533 

.2520 

.2588 

.25 

8.000 

.2590 

.2595 

.2577 

.2575 

.2561 

.2503 

.2551 

.2669 

.2561 

.2551 

.2562 

.25 

8,100 

.2611 

.2622 

.2595 

.2600 

.2584 

.2525 

.2674 

.2585 

.2584 

.2570 

.2586 

.261 

8.200 

.2638 

.2649 

.2619 

.2621 

.2610 

.2545 

.2695 

.2609 

.2606 

.2590 

.2606 

.2S 

8,800 

.2654 

.2675 

.2642 

.2644 

.2630 

.2574 

.2623 

.2631 

.2680 

.2616 

.2632 

.26 

8,400 

.2675 

.2695 

.2665 

.2665 

.2652 

.2697 

.2653 

.2664 

.2653 

.2644 

.2655 

.26; 

8,500 

.2697 

.2716 

.2686 

.2689 

.2675 

.2620 

.2668 

.2676 

.2683 

.2665 

.2678 

.261 

8,fi00 

.2719 

.2734 

.2709 

.2710 

.2700 

.2641 

.2687 

.2695 

.2708 

.2689 

.2699 

.26' 

8,700 

.2740 

.2760 

.2736 

.2726 

.2720 

.2660 

.2710 

.2715 

.2722 

.2714 

.2719 

.20 

8.800 

.2760 

.2770 

.2762 

.2744 

.2740 

.2683 

.2729 

.2737 

.2745 

.2734 

.2739 

.27: 

8,900 

.2777 

.2792 

.2770 

.2765 

.2755 

.2708 

.2749 

.2766 

.2764 

.2761 

.2760 

.275 

9.000 

.2796 

.2813 

.2798 

.2782 

.2777 

.2729 

.2774 

.2780 

.2782 

.2776 

.2780 

.27J 

9,100 

.2817 

.2831 

.2811 

.2809 

.2800 

.2750 

.2790 

.2800 

.2804 

.2795 

.2801 

.27« 

9.200 

.2884 

.2851 

.2832 

.2828 

.2818 

.2768 

.2810 

.2823 

.2822 

.2813 

.2820 

.27« 

9,300 

.2852 

.2871 

.2849 

.2844 

.2838 

.2787 

.2823 

.2847 

.2840 

.2830 

.2838 

.28] 

9,400 

.2809 

.2890 

.2870 

.2864 

.2855 

.2807 

.2846 

.2861 

.2863 

.2861 

.2858 

.2& 

9,600 

.2887 

.2910 

.2890 

.2877 

.2875 

.2825 

.2867 

.2875 

.2881 

.2870 

.2876 

.281 

9.600 

.2908 

.2926 

.2906 

.2900 

.2887 

.2846 

.2886 

.2890 

.2897 

.2888 

.2898 

.28- 

9,700 

.2924 

.2941 

.2921 

.2919 

.2908 

.2866 

.2902 

.2908 

.2919 

.2908 

.2912 

.28( 

9,800 

.2940 

.2967 

.2987 

.2934 

.2930 

.2886 

.2919 

.2926 

.2931 

.2929 

.2929 

.29t 

9.900 

.2966 

.29-/0 

.2958 

.2946 

.2948 

.2902 

.2934 

.2946 

.2947 

.2944 

.2945 

.295 

10,000 

.2970 

.2989 

.2974 

.2976 

.2966 

.2918 

.2952 

.2960 

.2960 

.2960 

.2962 

.294 

10,100 

.2986 

.8005 

.2990 

.2985 

.2976 

.2984 

.2970 

.2972 

.2975 

.2976 

.2977 

.295 

10,200 

.8001 

'.3019 

.3002 

.2996 

.2994 

.2947 

.2987 

.2965 

.2996 

.2990 

.2992 

.297 

10,300 

.3017 

.3024 

.3020 

.3018 

.3009 

.2962 

.3003 

.3005 

.3015 

.3010 

.3008 

.29S 

10,400 

.8030 

.3046 

.8087 

.8030 

.8026 

.2979 

.3019 

.3021 

.3030 

.3023 

.3024 

.300 

10,600 

.3046 

.3060 

.3062 

.8049 

.3043 

.2996 

.3036 

.3039 

.3044 

.3039 

.8040 

.301 

10,600 

.3060 

.3075 

.3068 

.3061 

.3066 

.3015 

.3051 

.3055 

.3059 

.8056 

.3056 

.303 

10.700 

.8074 

.3093 

.3062 

.3077 

.3070 

.3030 

.3068 

.3069 

.3070 

.3074 

.3071 

.304 

10,800 

.3088 

.3105 

.3100 

.3090 

.8084 

.3047 

.3063 

.3060 

.3065 

.8085 

.3085 

.306 

10,900 

.8103 

.3128 

.8115 

.3102 

.3096 

.8069 

.3098 

.3096 

.3100 

.3100 

.8099 

.307 

11.000 

.8117 

.8136 

.8125 

.8124 

.3112 

.3070 

.3111 

.3110 

.3114 

.3119 

.3114 

.309 

11,100 

.3130 

.8148 

.8138 

.3132 

.8126 

.3060 

.3126 

.3120 

.3127 

.3130 

.8126 

.310 

11,200 

.3141 

.8160 

.3154 

.3146 

.8140 

.3096 

.3138 

.3135 

.3144 

.3141 

.8139 

.311 

11,300 

.3155 

.3174 

.8165. 

.3156 

.8153 

.3114 

.3149 

.3149 

.8158 

.3160 

.3153 

.813 

11,400 

.3170 

.8189 

.3179 

.3170 

.8166 

.3126 

.3169 

.3161 

.8168 

.8174 

.3167 

.314 

11.500 

.8184 

.8200 

.3191 

.3182 

.3180 

.8140 

.3180 

.8175 

.3180 

.3184 

.8180 

.315 

11,600 

.8198 

.3215 

.3205 

.3198 

.8192 

.3155 

.8190 

.8188 

.3193 

.3194 

.3193 

.317 

11,700 

.3206 

.8229 

.8218 

.3215 

.8204 

.3172 

.3200 

.3200 

.3206 

.3209 

.3206 

.318 

11.800 

.8221 

.3240 

.3238 

.3225 

.3218 

.8186 

.3215 

.3215 

.8219 

.3221 

.3219 

.319 

11,900 

.3232 

.8260 

.3244 

.3235 

.8238 

.8195 

.8228 

.3230 

.3282 

.3282 

.3231 

.3201 

12,000 

.8260 

.8269 

.3253 

.3244 

.8244 

.8208 

.3240 

.3239 

.8244 

.8249 

.8243 

.3221 

12,100 

.8254 

.8270 

.3265 

.3265 

.8255 

.8220 

.3260 

.3260 

.3258 

.3257 

.8253 

.8231 

12,200 

.8265 

.3283 

.3277 

.3272 

.3267 

.3232 

.3268 

.3260 

.3267 

.3268 

.3266 

.3241 

12.300 

.8276 

.8296 

.8291 

.3284 

.8278 

.3244 

.8276 

.3278 

.8276 

.8281 

.8277 

.82& 

12.400 

.3289 

.8305 

.3303 

.8294 

.8291 

.8254 

.3287 

.3284 

.3290 

.3294 

.3289 

.326< 

12,500 

.3300 

.8816 

.3312 

.3804 

.8300 

.3266 

.8296 

.3294 

.3300 

.8305 

.3299 

.S27( 

12,600 

.8310 

.8327 

.3820 

.8816 

.8SU 

.3275 

.3307 

.8305 

.3318 

.3316 

.8810 

.3281 

12,700 

.8820 

.8335 

.8335 

.8827 

.8820 

.8286 

.3818 

.3319 

.3324 

.8328 

.8321 

.329^ 

12,800 

.3830 

.8346 

.3845 

.8386 

.3380 

.8297 

.3330 

.3829 

.3385 

.8336 

.3831 

.38« 

12,900 

.8841 

.8856 

.8364 

.8858 

.8841 

.8308 

.3840 

.3338 

.3346 

.3347 

.3843 

.332( 

18.000 

.3351 

.8370 

.3366 

.8363 

.8352 

.8820 

.8363 

.8845 

.3866 

.3359 

.3354 

.S33J 

18,100 

.8861 

.8380 

.8876 

.3878 

.8368 

.3830 

.8860 

.3365 

.3370 

.3368 

.3364 

.8341 

18,200 

.8370 

.8390 

.8886 

.3880 

.3373 

.8389 

.3369 

.3369 

.3380 

.3375 

.3373 

.335C 

18,300 

.3880 

.8396 

.3394 

.8389 

.8881 

.8360 

.3378 

.3379 

.3389 

.3883 

.8882 

.335S 

18,400 

.8889 

.8406 

.8406 

.8897 

.3392 

.3369 

.3389 

.8388 

.3396 

.3391 

.8891 

.336£ 

18,600 

.8898 

.8418 

.8412 

.8406 

.8401 

.3369 

.3898 

.8396 

.3406 

.8402 

.8401 

.3378 

18.600 

.8409 

.8428 

.8422 

.8416 

.3412 

.3380 

.3406 

.8406 

.8414 

.8414 

.3411 

.3388 

18,700 

.8418 

.8436 

.8431 

.8424 

.3421 

.3390 

.8420 

.3414 

.3423 

.8424 

.8420 

.3397 

18,800 

.8425 

.8445 

.8440 

.3433 

.8481 

.8396 

.8430 

.3424 

.3435 

.8434 

.3429 

.8406 

18,900 

.8485 

.3456 

.8449 

.3442 

.3440 

.3406 

.3439 

.3434 

.8445 

.3444 

.8139 

.3416 

14,000 

.8444 

.8465 

.3468 

.3454 

.8446 

.8417 

.8445 

.3441 

.8466 

.8462 

.8448 

.8425 

14.100 

.8150 

.8472 

.8469 

.8460 

.3466 

.3427 

.8454 

.8451 

.3466 

.8461 

.8457 

.3484 

14,200 

.3458 

.8479 

.8478 

.8470 

.8465 

.3436 

.8463 

.3458 

.3472 

.3469 

.5465 

.8442 

14.300 

.8467 

.8485 

.8489 

.8478 

.8475 

.8444 

.8476 

.8466 

.3483 

.8477 

.8474 

.3451 

14,400 

.8476 

.8493 

8495 

.8186 

.3483 

.8460 

.3484 

.3475 

.3490 

.8488 

.8482 

.3469 

14.600 

.8484 

.8502 

.3602 

.3491 

.3490 

.8460 

.3492 

.8485 

.3498 

.3496 

.8490 

.3467 

14.600 

.8498 

.8512 

.3510 

.3600 

.8500 

.8470 

.3605 

.8494 

.8505 

.3510 

.3500 

.3477 

14,700 

.8600 

.3523 

.3520 

.3612 

.8610 

.8475 

.3614 

.8602 

.8516 

.3516 

.3509 

.3486 

14,800 

.8606 

.3530 

.3527 

.8621 

.8518 

.3484 

.3522 

.8510 

.8523 

.3524 

.3517 

.3494 

14.900 

.8517 

.8537 

.8535 

.3527 

.3525 

.8490 

.3528 

.8520 

.3529 

.3529 

.3524 

.8501 

16,000 

.8529 

.3545 

.3544 

.3637 

.3534 

.3498 

.3636 

.3533 

.3537 

.3540 

.3683 

.8509 

HELICAL  SPRINGS. 
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HELICAL   SPSIKQS. 

Helical  Springs  for  Gun  Carriages. 
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Compression  tests  of  buffer  springs  for  75-millimeter  R.  F.  moun- 
tain gun  carriage. 

DESCRIPTION  OP  ONE  SPRING. 

Pree  height inches..  26.80 

Number  of  coils 46 

Pitch inch..      .606 

Exterior  diameter inches..    2.05 

Anterior  diameter do...    1.14 

f  \  ^-Interior. 

Dimensions  of  ribbon ".liSe  ".lio 


Height. 

Load  sus- 
tained. 

Remarks. 

First  spring: 

Jiiche%. 

i\mfui«. 

Flnttoit 

19.91 
7.83 

120 
400 

6.58 

400 

Spring  Jarred. 

9.92 

800 

9.96 

300 

Spring  jarred. 

19.86 

120 

19.88 

120 

Spring  Jarred. 

26.78 

0 

Seocmdteet 

19.20 

120 

Testing  attachment  greased. 

16.12 
9.94 
7.00 

200 
800 
880 

Spring  Jarred  continuously. 

9.90 

800 

16.10 

200 

19.82 

120 

26.78 

0 

Second  spring: 

First  test. 

26.80 

0 

Spring  jarred  continuously. 

19.71 
16.02 

120 
200 

10.71 

800 

7.00 

890 

10.00 

800 

14.90 

200 

19.06 

120 

26.70 

0 

Second  test 

19.84 

120 

16.49 

200 

10.42 

800 

7.00 

380 

9.89 

800 

14.86 

200 

18.94 

120 

25.70 

0 

Third   spring,   extra  spring  fur- 
nished with  carriage. 

24.80 

0 

Spring  jarred  continuously. 

20.08 

120 

Previously  tested. 

16.96 

200 

12.88 

800 

8.97 

400 

7.00 

474 

8.49 

400 

12.80 

800 

16.20 

200 

19.80 

120 

24.66 

0 

DIMINSIONS  OP  THIRD  SPRING.  TAKEN  AFTER  TESTING. 

Free  height inches..  24.66 

Number  of  coils 46 

Pitch inch..      .660 

Exterior  diameter inches..    2.00 

Interior  diameter do —    1.14 

r  ")  ^-Interior. 

Dimensions  of  ribbon ".116  ".160 
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Compression  test  of  a  helical  springs  from  a  75-millimeter  B. 
mountain  gun  carriage,  from  Frankford  Arsenal. 

DESCRIPTION. 

Free  height inchee..  24. 

Number  of  coils 4S, 

Pitch inch..      . 

Exterior  diameter inchee..    2. 

Interior  diameter do 1. 

r  "j  4-Inter 

DimenflionB  of  ribbon ".109  *.146 


Height. 

Load  sus- 
tained. 

Remarks. 

Inches. 

Pownds. 

24.93 

0 

Testing  attachment  greased. 

19.06 

120 

Spring  and  testing  attachment  Jarred  continuously  to  reduce  frictional 
resistance.  . 

15.77 

200 

11.40 

800 

7.20 

400 

7.00 

416 

11.00 

300 

15.17 

200 

18.96 

120 

24.76 

0 

24.79 

0 

After  resting  10  minutes. 

24.60 

oadedlOO 
0 
0 

times,  closed  down  to  a  height  of  7  inches  and  released  to  zero  each  time. 

After  resting  10  minutes. 

Under  test  the  spring  deBected  laterally  and  bore  against  the  rods  of  the 

19.06 

120 

testing  attachment.    The  frictional  resistance  was  largely  reduced  by 

Jarring. 

16.70 

200 

11.06 

300 

7.38 

400 

7.00 

414 

10.75 

300 

15.10 

200 

18.80 

120 

24.50 

0 

18.  SO 

120 

16.  M 

200 

11.15 

900 

7.08 

400 

7.00 

408 

11.57 

300 

16.66 

200 

19.40 

120 

24.48 

0 

24.51 

0 

After  resting  16  hours. 

1 

HELICAL   8PBINOS. 
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Compression  tests  of  helical  springs  famished  by  The  Wm.  D.  Gib- 
son Company. 
Buffer  springs  for  75-millimeter  R.  F.  mountain  guri  carriages. 

DESCRIFTION  OF  FIRST  SPRING. 

Free  height inches..  82.60 

Number  of  coils 6S.76 

Mtch inch..    .628 


Dimensions  of  ribbon ".080 


".110 


Height. 


Load  sus- 
tained. 


RemarlcB. 


First  spring., 


Second  spring . 


Inehe$. 
82.00 
22.15 
6.iS 
21.20 


82.48 
22.15 
6.40 
21.06 
31.99 


Powtds. 

0 

99 

252 

100 

0 

0 
100 
254 
100 

0 


Closed  down. 

541  coils. 
Closed  down. 
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Helical  Springs,  Double  Coil,  for  6-inch  R.  F.  Gun. 
Six  springs  tested. 

DESCRIPTION  OF  ONE  SPRING. 

Outside  coil,  left-hand  spring: 

Exterior  diameter inches.. 

Diameter  of  bar do... 

Height  of  spring  unloaded do. . .  : 

Distance  between  coils do. . . 

Weight 21  pounds  6  GO] 

Inside  coil,  rif  ht-hand  spring: 

Exterior  diameter Inches.. 

Diameter  of  bar do... 

Height  of  spring  unloaded do. . .  1 

Distance  between  coils do. .  - 

Weight 11  pounds  1. 5  oui 


Load  sus- 
tained. 


Remarks. 


First  spring: 
Outside  coil  . 


Inside  coil. 


Inches. 
15.62 
15.50 
10.78 
15.50 
14.70 

15.50 


Outer  and  inner  coils  assembled  and  tested 

15.50 
11.09 
15.50 
14.57 


Pounds. 
1,650 
1,740 
3,400 
1,470 
1,650 

800 

together. 
2,860 
4,400 
2,060 
2,450 


Closed  down. 


Sprung  out  of  line  so  that  it  could 
not  be  closed  down. 


Closed  down. 


In  the  following  tests  the  outer  and  inner  coils  were  assembled  and  tested  together. 
Second  spring 


Thini  spring  . 


Fourth  spring . 


Fifth  spriug . 


Sixth  spring., 


15.50 
11.09 
14.96 
15.50 

2,460 
4,600 
2,450 
2,180 

15.50 
10.89 
14.75 
15.60 

2,430 
4,550 
2,450 
2,150 

15.50 
10.94 
14.85 
15.50 

2,840 
4,600 
2,450 
2,070 

15.87 
15.50 
10.94 
15.43 
15.50 

2,450 
2,640 
4,700 
2.460 
2,390 

15.60 
15.50 
10.61 
14.55 
15.60 

2,460 
2,000 
4,600 
2,450 
2,110 

Closed  down. 


Closed  down. 


Closed  down. 


Closed  down. 


Closed  down. 
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Counter  Reooil  Springs  for  7-Inch  Mortar  Carriages. 
COMPARISON  OF  OLD  AND  NEW  STYLES  OF  SPRINGS. 

NUMBER  AND  WEIGHT  PER  CARRIAGE. 


Style. 

Number 

for  a 
carriage. 

Weight 

Each. 

Total. 

Old 

10 
4 

Pound*. 
8.75 
18 

Pwind9. 
87.5 
72 

New 

DIMENSIONS. 


Style. 

Size  of  wire. 

Dlameten). 

Diatance 

between 

coils. 

Number 
of  coils. 

Height. 

Exterior. 

Interior. 

Old 

".56  by  ".75 

Inchen. 
4.48 
5.00 

IncheB. 
2.96 
8.63 

Inch. 
.66 
.84 

7 
18* 

Inche9. 
7.1± 
18. 5± 

New 

SPECIFICATIONS,  NEW  SPRINGS. 

Outside  diameter  of  springs inches..    5.      ±0.06 

Inside  diameter  of  springs do...    8.625±0.06 

Height  when  compre»ea  solid,  not  over do...    9.5 

Height  when  loaded  with  1,200  pounds,  not  leas  than do...  16. 

Height  when  free,  about do...  18.825 

Each  spring  to  consist  of  a  single  coil  of  round  bars  and  to  be  closed 
down  solid,  and  to  remain  thus  for  sixty  hours,  at  the  end  of  which 
period  it  shall  fulfill  the  requirements  stated  above.  The  temper  to  be 
drawn  from  the  thin  ends  in  each  spring  to  obviate  brittleness. 
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Compression  Tests  of  Three  Old  Springs  from  7-inch  Mortj 

Carriages. 


DESCRIPTION  OF  FIRST  SPRING. 

7  rightrhand  coils  of  rectangular  crow  section. 

Size  of  wire inch..  .56  by 

Outside  diameter  of  coil inches..  4 

Inside  diameter  of  coil do...  2 

Distance  between  coils inch.. 

Weight 8  pounds  12  oum 


Height. 

Load. 

Remarks. 

Inchef. 

Itmnds. 

First  spring 

6.98 

0 

5.92 

1,200 

6.72 

1,420 

4.01 

8,700 

Closed  down. 

6.72 

1,280 

5.82 

1,200 

6.96 

0 

. 

5.90 

1,200 

• 

6.72 

1,880 

4.01 

3,600 

Closed  down. 

5.72 

1,270 

5.79 

1,200 

6.95 

0 

Second  spring 

7.12 

0 

5.98 

1,200 

5.72 

1,480 

4.03 

8,600 

Closed  down. 

5.72 

1,330 

5.86 

1,200 

7.10 

0 

5.94 

1,200 

5.72 

1,430 

4.08 

3,600 

Closed  down. 

5.72 

1.820 

5.84 

1,200 

7.09 

0 

' 

Third  Borinff^ 

6.97 

0 

*  ****^<*     W^****Q       •••-•••••-•••••••••••■• 

5.94 

1,200 

6.72 

1,460 

4.11 

3,600 

Closed  down. 

6.72 

1.340 

5.83 

1,200 

6.96 

0 

5.92 

1,200 

5.72 

1,430 

4.11 

3,600 

Closed  down. 

5.72 

1,320 

5.82 

1,200 

6.96 

0 

HELIOAL   8PBIKG8. 
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Heugal  Spbinos,  Double  Coil,  fob  10-ingh  Mobtab  Cabbiages. 
From  lot  of  12  springs  received  January  26, 1902. 


DESCRIPTION  OF  ONE  SPBIKG. 

Ontside  coil,  6  coUa,  left-hand  sprinir: 

Exterior  diameter inches..    9.10 

Interior  diameter do...    5.60 

Diameter  of  bar do...    1.76 

Height  of  flprlng  unloaded do...  14.61 

Distance  between  coils do...    1.00 

Weight 96  pounds  8  ounces 

Inside  coU,  8  coils,  right-band  spring: 

Exterior  diameter inches..    5.66 

Interior  diameter do...    3.06 

Diameter  of  bar do...    1.25 

Height  of  spring  unloaded do...  18.41 

Distance  between  colls do...     .61 

•Weight 34  pounds  8  ounces 


Height. 


First  spring  . 


Second  spring. 


Third  spring . 


Fourth  spring . 


Fifth  spring . 


Loaded  100  times,  compressing 
after  which  the  results  were  as  follows: 


Inches. 
12.26 
12.22 
9.76 
9.70 
9.76 
11.90 
12.26 

12.26 
12.12 
9.76 
9.69 
9.76 
11.78 
12.26 

12.26 
12.18 
9.76 
9.67 
9.76 
11.75 
12.26 

12.26 
12.20 
9.76 
9.72 
9.76 
11.82 
12.26 

12.26 
12.25 
9.76 
9.68 
9.75 
11.98 
12.26 


Loadsus 
tained. 


Pounds. 
17,800 
18,000 
46,000 
48,200 
45,200 
18,000 
13.700 

16,600 
18,000 
44,400 
47,200 
43,700 
18,000 
13,000 

16,700 
18,000 
46,400 
48,400 
44,700 
18,000 
12,900 

17,600 
18,000 
45.800 
46,700 
46.400 
18,000 
13,200 

18,000 
18,000 
47,800 
48.800 
47,200 
18,000 
18,600 


Remarks. 


Closed  down. 


Closed  down. 


Closed  down. 


Closed  down. 


Closed  down. 


to  10^.26  height  and  returning  to  12^.26  height  each  time. 


12.26 

16,400 

12.04 

18,000 

9.76 

44,600 

9.68 

48,700 

9.76 

48,900 

11.90 

18,000 

12.26 

14,600 

Closed  down. 


Spring  now  closed  down  and  so  remained  for  a  period  of  20  hours,  after  which  the  results 
were  as  follows: 


Closed  down. 


12.25 

16,500 

12.16 

18,000 

9.76 

46,700 

9.67 

48,400 

9.75 

46,400 

11.90 

18.000 

12.26 

14.600 
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Supplementary  Tests  of  Helical  Springs,  Double  Coil,  for  10- 
Inch  MoBTAR  Carriages. 

From  lot  of  12  springs  received  January  25,  1902. 


Height. 

Load  sus- 
tained. 

Bemarks. 

Inches. 

Pounds. 

First  spring 

12.25 

17,200 

Free  height  before  test: 

Outride  coil... inches..  14.84 

12.18 

18,000 

9.75 

46,800 

Inaldecoil do...  18.86 

9.68 

49,700 

Closed  down. 

9.75 

45,900 

11.87 

18,000 

12.25 

14.000 

9.76 

46,200 

12.26 

15,400 

9.76 

46,200 

Free  height  after  test: 

Oiitalde  coil . .  .inches. .  14.30 

9.67 

49,800 

Closed  down. 

9.76 

45,800 

Inside  coiJ do...  18.86 

12.26 

18,700 

First  spring  (test  repeated) 

12.25 

16.700 

Free  height  before  test: 

Outride  coil . .  .inches. .  14.30 

12.12 

18.000 

9.75 

46,100 

Inridecoll do...  13.85 

9.67 

49,700 

Closed  down. 

9.75 

45,600 

11.84 

18.000 

12.25 

13,700 

9.75 

46,000 

12.25 

14,100 

9.75 

46,100 

Free  height  after  test: 

Outside  coil... inches..  14.28 

9.67 

49,700 

Closed  down. 

9.75 

45,900 

Inside  coil do...  13.35 

12.25 

13,600 

Third  sprinff 

12.25 
12.18 

17,100 
18,000 

Free  neignt  before  test: 

Outside  coll... inches..  14.18 

9.75 

46.200 

Inside  coil do...  13.42 

9.63 

48,800 

Closed  down. 

9.75 

44,500 

11,78 

18,000 

12.25 

12,900 

9.75 

45,400 

12.26 

18,000 

9.76 

44,900 

Free  height  after  test: 

Outride  coil . .  .inches. .  14. 09 

9.63 

49.800 

Closed  down. 

9.76 

45,100 

Inridecoll do...  13.85 

12.25 

12,600 

Third  spring  (test  repeated) 

Free  neignt  before  test: 

Outside  coil. .  .inches. .  14. 09 

12.25 

15,900 

12.06 

18,000 

9,75 

44,900 

Inside  coU do...  13.36 

9.68 

48,800 

Closed  down. 

9.75 

43,800 

11.77 

18,000 

12.25 

12,800 

9.75 

44,400 

12.25 

12,400 

9.75 

44,300 

Free  height  after  test: 

Outride  coil. .  .inches. .  14. a5 

9.64 

48,600 

Closed  down. 

9.75 

43,600 

Inridecoll do...  13.32 

12.25 

12,400 

HELICAL   SPRINGS. 
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Supplementary  Tests  of  Helical  Springs,  etc. — Continued. 


SPRING  COMPRESSED  FROM  HEIGHT  OF  ri".25  TO  10".25  100  TIMES. 

Third  spring: 

Free  heieht  before  compreaaing  100  timefi— 

Outride  coil inches..    14.05 

^       Insldo  coil do. . .    13. 82 

First  compression- 
Load  atl2^.25 pounds..  15,100 

Load  at  10^.25 do ...  88, 500 

One  hundredth  compression- 
Load  at  12^.25 do. . .  12, 900 

Load  at  10^.26 ". do...  88,200 

Free  height  after  compressing  100  times— 

Outmde  coll inches. .    14. 06 

Inside  coil do...    18.81 


AFTER  BEING  COMPRESSED  FROM  12".26  TO  10».25  100  TIMES. 


Third  spring  . 


Free  height  after  test: 

Outside  coil  ..inches..  14.04 
Inside  coil do. . .  18. 81 


Fifth  spring . . 
~         eight 


Free  neignt  before  test: 

Outride  coil  ..inches..  14.05 
Inridecoil do...  18.48 


I       Free  height: 

Outride  coil  ..inches..  14.08 
j  Inride  coil do. . .  13. 44 


Free  height: 

Outride  coil  ..inchets..  14.01 
Inridecoil do...  13.43 


Free  height  after  test: 

Outride  coil  ..inches..  14.01 
InridecoU do...  13.48 


Height. 


12.25 
12.17 

9.67 
11.90 
12.25 

9.67 
n.88 
12.25 

12.25 
12.14 

9.67 
11.89 
12.25 

9.67 
11.87 
12.25 

12.25 
11.60 
12.25 
11.00 
12.25 
10.60 
12.25 
10.00 
12.25 


Load  sua-' 
t&ined.  | 


Remarkfi. 


iHchen. 

Poundg. 

12.25 

15,100 

12.03 

18,000 

9.75 

44,400 

9.68 

48,700 

9.75 

48,700 

11.76 

18,000 

12.25 

12,500 

17,000 
18.000 
48.500 
18,000 
14,000 
48,400 
18,000 
13,700 

16,600 
18,000 
48.700 
18,000 
14,200 
48,700 
18,000 
13,800 

16.400 
25,600 
16,100 
81,400 
15,400 
87,200 
15,100 
43,000 
14,300 


CUuscd  down. 


Closod  down. 


CloHod  down. 


Cliwed  down. 


Closed  down. 


Additional  tests  were  made  on  spring  No.  5.  After  resting  without 
load  a  period  of  4  days  the  spring  was  returned  to  the  testing  machine. 
When  again  loaded  it  sustained  17,000  pounds  at  a  height  of  12". 25. 
against  18,000  pounds  at  the  commencement  of  the  original  test  ana 
14,500  pounds  at  the  same  height  at  the  close  of  the  first  test. 

Pounds. 
In  the  present  instance,  after  cloring  down,  the  load  sustained  on  the  return  movement  was.  14, 000  (a) 

After  closed  down  a  second  time 13, 700  (5) 

Load  released  toiero,  then  again  loaded 16,500 

Closed  down  and  returned 14,200  (a) 

Closed  down  again  and  returned 13,800  (6) 

H.  Doc.  335 7 
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The  conditions  of  the  tests  were  similar  in  instances  {a)  (a),  and  like- 
wise in  (5)  f  J),  and  it  is  seen  that  the  loads  sustained  are  practically 
alike  in  eacn  of  the  two  of  thfe  same  group. 

The  spring  was  again  completely  unloaded  and  compressed  succes- 
sively increased  amounts. 

It  is  now  shown  that  the  load  sustained  by  the  spring  at  12".  25 
height  is  as  follows: 

Pounds. 

First  application  of  IcMtd 16,400 

After  compressing  to  ll'i'.M  heiglit 16,100 

After  compressing  tair'.OO  height 16,400 

After  compressing  to  10".60  height 16,10) 

After  compressing  to  lO^'.OO  height 14,800 

thus  showing  a  gradual  decrease  in  sustaining  power,  due  to  the  man- 
ner of  loading. 


CAST  IRON  SHELL,  12-INCH  MORTAR. 


COMPRESSIVE  MOVEMENT  OF  BASE  PLUG  AND 
DIAMETRICAL  EXPANSION  OF  SHELL. 
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OAST-IRON    SHELL,  12-INCH   MORTAR. 
CAST-IRON    SHELL,    12-INCH    MORTAR. 
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COMPRESSIVE  MOVEMENT  OF  BASE  PLVG. 

READINGS  TAKEN  ON  BREECH  PLUG  21"  FROM  CIRCITMFERENCE  OF  SHELL 


Lon^tu- 

Applied 
loads. 

dinal 

compres- 

Bion. 

Remarks. 

Pound». 

Inehe». 

5,000 

0. 

Iiiitial  IcMul. 

10.000 

0. 

20.000 
40.000 
60,000 

.0003 
.0013 
.0028 

Movement  took  place  in  an  inward  dire<'tion.  longitudinally. 

100.000 

.0040 

150.000 

.0049 

200.000 

.0065 

260,000 

.0060 

800.000 

.0064 

400.000 

.0070 

600.000 

.0076 

flOO.OOO 

.OOW 

700,000 

.0091 

800.000 

.0096 

5.000 

.0038 

102  CA8T-IB0N   SHELL,  12-INOH  MOBTAB. 

COMPRESSIVE  MOVEMENT  OF  BASE  PLUG—Chntinued. 

READINGS  TAKEN  ON  BREECH  PLUG  21^  FROM  CIRCUMFERENCE  OF  SHELL-Conttnued. 


Longitu. 

Ycsr 

dinal 
compres- 
sion. 

Remarks. 

ANMUlt. 

Inehea, 

800,000 

.0090 

5,000 

.0084 

Shell  removed  from  the  teflting  machine  and  examined.    Breech  plug  indented,  that  part 
of  surface  acted  upon  by  loading  fixture  4f  diameter.  **.  04.    The  end  surface  of  the  plug  wm 

gain  obtained  on  the  screw  thread  of  the  plug.    Shell  returned  to  the  tettUng  machine,  and 

obeeryations  on  the  same  gauged  length  repeated  as  before. 
5,000       0.          1  Initial  load. 

800,000 

.0070 

5,000 

.0011 

800,000 

.0070 

5,000 

.0012 

READINGS  TAKEN  ON  THE  BASE  OF  THE  SHELL  ly  FROM  CIRCUMFERENCE. 


5,000 

0. 

800,000 

.0012 

5,000 

0. 

800,000 

.0012 

5,000 

0. 

800,000 

.0012 

. 

5,000 

0. 

DIAMETRICAL  EXPANSION  OF  SHELL. 

READINGS  TAKEN  ON  DIAMETER  AT  THE  REAR  OF  THE  BAND,  MIDWAY  BASE  AND  BAND. 


1 

Applied 
load«. 

Diame^ 
rlcal 

RemarlcK. 

Pound*. 

5,000 
800,000 

5,000 

5,000 

Ifiehes. 

0. 
—.0006 

0. 
—.0006 

0. 

Initial  load. 

ON  DIAMETER  4"  IN  FRONT  OP  BAND. 


ON  DIAMETER  61"  IN  FRONT  OF  BAND. 


5,000 

0. 

Initial  load. 

800.000 

.0019 

5.000 

0. 

800,000 

.0019 

5,000 

0. 

ON  DIAMETER  10|^  IN  FRONT  OF  BAND. 


5,000 

0. 

luIUal  load. 

800,000 

.0018 

5.000 

0. 

800,000 

.0014 

5,000 

0. 

INITIAL   STRAINS    IN    16-INCH    CA8T-IB0N   SHOT. 
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Initial  Strains  in  16-inch  (3a8t-1ron  Shot. 


Initial  tension  ring  and  tensile  tests  from  riser  of  a  16-inch  cast-iron 
solid  shot. 
Dimensions  of  riser: 

Inches. 
Diameter 1 


SI 


l^ength 24. 

Exterior  of  riser,  at  the  end  next  to  the  shot,  turned  down  to  16".  96 
diameter  for  a  length  of  6  inches.  An  initial  tension  ring  taken  from 
the  turned  end  of  the  riser,  measured  while  the  riser  was  intact,  and 
again  after  the  ring  was  detached. 

RiMr.  1^ 


^5 

21 

•Si 


F 

, 

«   ; 

1 

Su; 

«« 

«•  •  • 

« 

C  *>   1 

it 

III 

« 

lO       1 

r-..j3 

Initial  iXMitlon  ring 


V 


Measured  on  diameterH  A  and  B: 


Condition  of  ring. 

Diameters. 
B. 

Mean. 

A. 

Rifler  intact 

Incke$. 
15.9601 
16.9668 

Incha. 
16.9600 
16.9606 

Inchu. 
16.96006 
16.9697 

Ring  detached.. 

Strains  released  and  computed  stress: 


Condition  of  ring, 


Strains  released,  diameters. 
B. 


A. 


Detached  . 


Inch, 
-.0018 


Tnch. 
+.0006 


Mean. 


Corre- 
sponding 
stress. 


Inch. 
-.00086 


IAr.  per  aq. 
in.Untion, 
400 
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Assumed  modulus  of  elasticity,  18,000,000  pounds  per  square  inch. 

The  detached  ring  was  subsequent!}'^  cut  apart  radially,  whereujjon 
the  ends  opened  ".079,  showing  the  relief  of  residual  strains,  tension 
at  the  exterior,  compression  at  the  interior,  which  did  not  find  com- 
plete relief  when  the  ring  was  detached  from  the  body  of  the  casting. 


TENSILE  TESTS. 


No.  of 
test. 

Direction  of  flpecimen. 

Tenfllle 
strength 

per 
square 

inch. 

Fracture. 

Specific 
gravity. 

6756 
6757 
6758 

Longitudinal 

Pounds. 
22,190 

Coarse  granular,  gray 

Tangential 

28,400 
24,820 

Fine  and  coarse  granular,  gray 7. 164 

do .: .;.... 7  14« 

Radial 

HYDROSTATIC  TESTS  OF  TWO  GUN  HOOPS. 


No,  1709S  m,  A  STREAKED  HOOP. 
iVo.  J79r,9  fU,  AN  VSSTREAKED  HOOP. 
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Material  Tested  and  Methods  Employed. 

Two  hoops,  one  originally  intended  for  a  10-inch  A3  hoop,  the  other 
a  10-inch  A2  hoop,  of  streaked  and  unstreaked  metal,  respectively,  were 
tested  to  destruction  bv  means  of  interior  hydrostatic  pressures.  The 
hoops  were  finished  for  testing  to  the  shape  and  aimensions  here 
shown: 


The  walls  at  the  central  part  of  each  hoop,  for  a  length  of  16  inches, 
were  one-half  inch  thick.  Flanges  were  left  on  the  ends  to  reenforce 
the  strength  of  the  hoop  over  the  hydraulic  packings. 

The  testing  was  done  with  a  fixture  consisting  of  a  body,  flanged  at 
the  lower  end,  over  which  the  hoop  was  placed,  and  surmounted  by  a 
cap  bolted  to  the  body.  An  annumr  space,  ".75  wide  on  a  side,  existed 
between  the  interior  surface  of  the  hoop  and  the  exterior  surface  of 
the  body,  which  space  contained  the  hydraulic  packings.  The  end 
thrust  of  the  packings  was  resisted  by  the  flange  at  the  l^ttom  of  the 
body  in  one  direction  and  by  the  cap  in  the  other.  Communication 
was  established  between  the  annular  space  and  the  testing  machine 
through  hydraulic  piping,  and  the  straining  of  the  hoop  was  effected 
by  admitting  oil  or  water  under  gradually  increasing  pressures. 

A  caliper  arm  carrying  micrometer  points  was  mounted  opposite  the 
middle  aiameter  of  the  hoop  under  test,  and  observations  taken  on 
the  expansions  and  permanent  sets  acquired  by  the  application  of 
advancmg  pressures  and  their  release.  At  pressures  2,000  and  3,000 
pounds  per  square  inch  below  the  elastic  limits  of  the  streaked  and 
unstreaked  hoops,  respectively,  the  loads  were  applied  and  released 
600  times  with  each  hoop.  Thereafter  the  pressures  were  gradually 
increased,  passing  the  elastic  limits  of  the  material  and  approaching 
the  limit  of  rupture. 

There  were  interruptions  during  the  final  stages  of  the  tests,  once 
with  the  streaked  hoop,  several  times  with  the  unstreaked  one,  when 
it  was  necessary  to  machine  the  flanges  or  modify  the  testing  fixture 
to  compensate  for  the  distortion  of  the  tent  piece.  The  custortion 
finally  became  so  great  with  the  unstreaked  hoop  as  to  require  the  use 
of  staves  and  a  retaining  band  acting  against  the  flanges  to  restrict 
further  longitudinal  eontrac^tion  of  the  hoop,  which  otherwise  mieht 
have  gone  beyond  the  compensating  limits  of  the  fixture.  Tnis 
occurred  when  the  indications  of  the  test  were  that  a  close  approach 
to  the  ultimate  strength  of  the  material  had  been  reached,  a  stress 
considerably  in  excess  of  the  strength  of  the  tensile  specimens  having 
been  applied.    Circumferential  extension  was  not  opposed  by  the 

{>resence  of  the  staves  excepting  indirectly  by  the  restriction  of 
ongitudinal  contraction  of  the  hoop  as  a  whole. 
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The  luiniinum  values  shown  in  the  .specimen  tests  of  the  })hysic 
qualities  found  in  the  specimens  were  as  follows: 


streaked  hoop 

Unstreaked  hoop. 


Elastic 
limit 
per 

square 
inch. 


Pound*. 
54.000 
56,000 


Tensile  I 
inch. 


Pounds. 
102,400 
110,000 


Percent. 
15.0 
12.0 


(^ntrac- 
tion. 


Per  cent. 
38.8 
35.2 


CHEMICAL  ANALYSIS  OP  STREAKED  HOOP. 


Carbon. 

Manga- 
nese. 

Silicon. 

Sulphur. 

Phoe- 
phorus. 

Percent. 
.640 

Percent. 
.792 

Percent. 
.277 

Percent. 
.022 

Percent. 
.022 

General  Results  of  the  Tests. 


Each  hoop  endured  a  stress  2,000  and  3,000  pounds  per  square  incl 
respectively,  below  the  elastic  limit,  repeated  600  times,  without  sei 
sihle  permanent  set  in  diameter.  The  elastic  limit  of  each  hoop  undc 
hydrostatic  test  coincided  with  the  minimum  value  found  in  the  spec 
men  tests  of  the  metal. 

In  ultimate  bursting  strength  the  streaked  hoop  showed  a  def 
ciency  over  the  specimen  tests;  the  unstreaked  hoop  showed  an  excefc 
in  strength  over  the  specimen  tests.  The  numerical  values  obtaine 
were  as  follows: 

HYDROSTATIC  TESTS. 


Elastic  limit 

Ultimate  strength 

Elongation  (circumferential) per  cent. 


Hoop. 


Streaked 

per  square 

Incn. 


I'ounds. 

54.000 

91,051 

8.92 


Unstreaked 

per  square 

inch. 


Potmds. 

56,000 

125,889 

18.5 


In  circumferential  elongation  the  relation  of  the  hydrostatic  to  th 
specimen  tests  was  similar  to  the  results  on  ultimate  strength.  Ther( 
was  a  deficiency  of  elongation  displayed  by  the  streaked  hoop;  ai 
excess  of  elongation  displayed  by  the  unstreaked  hoop  with  reference 
to  the  specimen  tests  of  the  metal. 
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From  the  original  thickness,  ".50,  the  walls  of  the  streaked  hoop 
drew  down  to  ".483  at  the  fractured  edge,  and  the  unstreaked  hoop 
drew  down  to  ".436,  the  contraction  in  the  thickness  of  the  two  hoops 
was  therefore: 


streaked  hoop 

Unstreaked  hoop . 


Contraction 

at  fractured 

edge. 


Inch. 
.017 
.064 


The  character  of  the  fractured  surface  in  each  hoop  was  granular, 
radiating  from  the  incipient  point. 

The  line  of  fracture  m  the  streaked  hoop  had  its  origin  at  the  prin- 
cipal streak  of  the  exterior  surface,  an  interrupted  line  of  alternate 
seamy  and  sound  metal  4^  inches  long  by  0.16  inch  deep  in  an  oblique 
direction  at  its  maximum.  This  and  other  streaks  in  the  hoop  graau- 
ally  increased  in  prominence  as  the  interior  pressures  advancea  bey ond 
the  elastic  limit  of  the  metal. 

The  unstreaked  hoop  fractured  along  an  element  not  previously 
characterized  by  any  unusual  local  appearance  of  the  metal. 

Comparisons  of  the  Results  and  Conclusions  Reached. 

(1)  The  elastic  limits  of  the  hoops  possessed  the  values  indicated  by 
the  specimen  tests. 

(2)  Each  hoop  successfully  endured  500  repetitions  of  a  load  closely 
approaching,  but  within  the  elastic  limit  of  tne  metal. 

(3)  The  presence  of  streaks  exerted  a  marked  influence  on  the  ulti- 
mate strength  and  elongation  of  the  metal. 

(4)  The  actual  bursting  strength  of  the  unstreaked  hoop  was  34,838 
pounds  per  square  inch  above  that  of  the  streaked  one,  or  corrected 
for  the  difference  in  the  specimen  tests  of  the  metal  the  above  became 
27,238  pounds  per  square  inch.  Under  the  corrected  figures  the 
strength  of  the  streaked  hoop  is  77  per  cent  that  of  the  unstreaked. 

(5)  Compared  with  their  respective  tensile  specimens  the  following 
values  appear:  Streaked  hoop,  deficiency  in  strength,  11,349  poun(& 
per  square  inch;  unstreaked  noop,  excess  in  strength,  15,889  pounds 
per  square  inch;  the  streaked  hoop  has  88.9  per  cent  the  strenglii  of 
the  specimen  test;  the  unstreaked  hoop  has  114.1  per  cent  the  strength 
of  the  specimen  test. 

(6)  The  elongation  of  the  streaked  hoop  was  26.1  per  cent  that  of 
the  specimen  test;  the  elongation  of  the  unstreaked  noop  was  154.1 
per  cent  that  of  the  specimen  test. 

(7)  The  excess  in  strength  and  elongation  of  the  unstreaked  hoop 
over  the  specimen  test  is  attributed  to  the  reinforcing  influence  of  the 
flanges  of  the  hoop. 

(8)  The  deficiency  in  strength  and  elongation  of  the  streaked  hoop 
over  the  specimen  test  is  attributed  to  the  presence  of  streaks  in  the 
metal. 
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Details  o    Tests. 

HYDROSTATIC  TEST  OF  STREAKED  H(X)P  17098  B3.    ORIGINALLY  A  KK"  A8  HOOP. 

W  I 


28!  1 
29*.  1 


u 


Expansion  of  the  hoop  measured  at  the  middle  of  its  length  on  < 
diameter. 


Interior 

pressare 

per  square 


Fiber  etreai  |  Expansion 
per  square  In  ' 

inen.      I  diameter.  I 


Remarks. 


173    I 

346 

518    I 

691     ' 

864 
1,087  ! 
1,209 
1,382 

178 
Hoop  rested 

173 
1,882 

173 
1.882 
1,555 
1,728 

173 

178 
1,797 

173 
1,797 

178 
1,797 

173 
1,797 

178 
1,797 

173 
1,797 

173 

173 
1,797 

173 
1,797 

173 

173 
1,866 

173 
1,935 

178 
2,004 

178 
2,073 

173 


2,142 
173 

2,211 
173 

2,280 
178 
178 


5,000 
10,000 
15,000 
20,000 
25,000 
90,000 
85,000 
40,000 

5.000 
12  days. 

5,000 
40,000 

5,000 
40.000 
45,000 
50,000 

5,000 

5,000 
52,000 

5.000 
52,000 

5,000 
52,000 

5,000 
52,000 

5,000 
52,000 

5,000 
52,000 

5,000 

5,000 
52,000 

5,000 
52,000 

5,000 

5,000 
54,000 

5,000 
56,000 

5,000 
58,000 

5,000 
60,000 

5,000 


62,000 
5,000 

64,000 
5,000 

66,000 
5,000 
5,000 


Initial  load. 


Inch. 

0. 

.0051 
.0096 
.0150 
.0195 
.0234 
.0283 


Pressures  maintained  ranging  from  200  to  GOO  iMmuds  per  square  inch. 
0. 

.0342 
.0002 
.0387 
.0391 
.0455 
.0003 
.0010 


.0040 

'.ooio' 

'.'6638' 


.0040 


.0040 
.0025 


.0026 


.0040 
.0051 


.0061 


.1784 


.2220 


.2650 


.8495 


Micrometer  reading  after  resting  1  hour. 

Applied  25  times. 

Applied  25  times. 

Applied  60  times. 

Applied  100  times. 

Applied  33  Umes. 

Micrometer  reading  after  resting  over  night. 
Applied  67  times. 

Applied  200  times. 

Micrometer  reading  after  resting  1  hour. 
Elastic  limit. 


Enlargement  of  hoop  most  marked  along  zones  6^  and  12" 
from  one  end.  N.  <&  S.  dlam.  ".016  larger  than  E.  A  W. 
diameter. 

Seams  opened  perceptibly  in  8  places. 


Micrometer  reading  after  resting  overnight.     Photo- 
graphed principal  seam. 
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Details  of  Tests — Continued. 


Ill 


Interior 
preflBUie 

Fiber  8tre« 

Expansion 

In 
diameter. 

RemarkB. 

AniiMto. 
2,849 

178 
2,419 

178 
2,488 

PoundB. 
68,000 

6,000 
70,000 

5,000 
72.000 

Inch. 

Pressure  momentarily  reached. 

.8907 

.4878 

178    '         5;606 
2,667           74,000 

178    ,         5,000 
2,626    '       76,000 

.4910 

.5461 

17a    '         6,000 
2,695           78,000 

.58ii 

178             5,000 
2.764           80,000 

178             5,000 
8,214           flS.88S 

.6600 

:7222' 

Exterior  diameter  at  middle  of    length,  30".27.     Maximum  and 
minimum  diameters,  ''.077  difference. 
Packing  at  lower  end  blew  out  a  distance  of  12"  on  the  circumference. 
Hoop  removed  from  the  testing  attachment  and  measured  as  follows: 


f  28". 07  lUx. 
(  26102  Kin. 


}    — 


T 


"TfT 


*'    ao'.z 
~j:f?    (30^18  mn 


:J- 


.-I  ^ 

X 


Diameters  at  middle  of  length,  30". 28,  maximum;  30".  18,  minimum. 
Original  exterior  diameter,  called,  29.101;  hence  elongation  of  metal 
18  3.88  per  cent. 
Streaks  plainly  visible  on  the  exterior  cylindrical  surface  measured: 
Principal  streak  along  which  rupture  subsequently  occurred. 


65  > 


.93 


,76    > 


<     ".80     > 


<".  36> 
Detached  streaks,  scattered  over  sui-face. 

<".  36>  <".  27>    <".  40>      <".  36> 

Streak  second  in  extent. 


<".  55> 


,60 


<".  16><".  35><".  33> 


<".40> 


<".25>  <".25><".56> 
The  streaks  which  were  scattered  over  the  interior  surface  measured: 


<".  50>  <".  38><"'.  25>     <".  26>     <".  86>  <".  12>  <".  27  > 


<".15><",15> 


<".  26> 
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Streaks  on  the  inside  were  not  abreast  those  visible  on  the  outside 
of  the  hoop.     The  several  streaks  acauired  greater  prominence  after 

f)ressures  were  applied  which  strained  the  metal  beyond  the  elastic 
imit.  Prior  to  the  application  of  such  pressures  the  general  surface 
of  the  hoop  was  smootn,  and  apparently  so  remained  up  to  the  time  of 
reaching  the  elastic  limit.  Unaer  higher  interior  pressures  a  roughness 
appeared  at  the  streaks,  the  metal  on  one  side  rising  slightly  above 
the  general  surface,  opening  fissures  which  dipped  obliquely,  some  in 
one  direction  and  some  in  the  opposite  way.  After  the  fracture  of  the 
hoop  it  was  found  that  the  metal  at  the  principal  streak  was  affected 
for  a  distance  of  about  ".15,  penetrating  to  a  depth  of  ".04±, 

In  the  principal  streak  and  also  in  three  other  cases  there  were 
sections  of  contmuous  metal  between  ends  of  open  cracks.  All  of  the 
streaks  here  referred  to  were  of  the  type  in  which  continuity  of 
the  metal  is  wanting;  that  is,  they  were  seams  existing  in  the  steel. 
In  addition  to  those  measured,  there  were  others  of  a  less  pronounced 
order  which  were  not  sensibly  affected  b}'^  stresses  above  the  elastic 
limit  of  the  steel.  There  were  faint  nebulous  patches  occasionally 
found — clusters  of  minute,  irregular-shaped  cavities. 

TEST  OF   HOOP  RESUMED. 

The  flanges  were  chamfered,  now  measuring  1".42  in  length  at  outer 
edge.  Connections  made  with  high-prensure  auxiliary  cylinder.  Di- 
ameter of  piston,  3".37;  sectional  area,  8".92. 

Hoop  ruptured  under  load  of  28,100  pounds  on  piston  of  auxiliary 
cylinder,  wnich  gives  3,150  pounds  per  square  inch  interior  pressure. 
Referred  to  the  original  dimensions  of  the  hoop,  the  fiber  stress  cor- 
responding to  the  interior  pressure  is  91,051  pounds  per  square  inch. 
This  stress  is  regarded  as  the  more  reliable  value  of  the  strength  of 
the  metal  than  tne  load  previously  mentioned  as  momentarily  reached. 
A  longitudinal  line  of  rupture  developed,  passing  through  the  princi- 
pal streak  of  the  exterior  surface  of  the  hoop,  being  the  same  line  of 
streaked  metal  most  prominent  throughout  the  test,  and  shown  by 
the  photograph  taken  after  the  application  of  66,000  pounds  per 
square  inch  fiber  stress. 

The  line  of  fracture  of  the  hoop  began  about  midway  the  length  of 
the  streaked  section,  or  5". 6  from  one  end  of  the  hoop,  as  shown  by 
the  center  of  radiation  of  the  fractured  surface,  which  was  granular 
throughout.  After  removing  the  hoop  from  the  testing  atti^chment 
the  width  6f  opening  of  the  fractured  ends  ranged  from  1".02  to  1".08 
at  the  streaked  section,  ".96  at  the  nearer  end  under  the  flange  and 
".88  at  the  farther  end  under  the  flange.  Along  the  streaked  section 
a  distance  of  4^"  the  fractured  surface  took  an  irregular  course; 
the  balance  of  the  fracture  on  either  side  followed  more  airect  courses 
to  the  ends  of  the  hoop.  In  the  streaked  section  there  was  a  flaky, 
lamellar  appearance,  the  metal  separating  along  oblique  planes  with 
reference  to  the  exterior  cylindrical  surface.  The  overlapping  metal 
reached  a  maximum  width  of  ".15  and  depth  of  about  ".04.  The  thick- 
ness of  the  walls  adjacent  to  the  fractured  surface  was  ".482  at  the 
middle  of  the  length  of  the  hoop;  at  the  place  where  rupture  began 
the  thickness  was  ".490,  while  at  the  corresponding  distance  from  the 
opposite  end  the  thickness  was  ".486.  The  circumference  at  the  mid- 
dle of  the  length  and  exterior  of  the  hoop  measured,  after  fracture, 
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1)5",  an  extension  over  the  original  circumference  of  3". 58 =3. 1^2  per 
cent.  At  the  middle  of  the  length  of  the  principal  streak  the  circum- 
ference measured  1  inch  less,  or  94"  circumference,  an  extension 
over  the  original  of  2".  58 =2. 82  per  cent. 

Near  the  lllets  at  the  flanges  the  circumferences  were  92".31  and 
92".37.     Thickness  of  walls: 


At  f roc-     i  Inch  from 
tured  edge.       edge. 


% 


!S 


St 


Inch.  Inch. 

.490  .498 


.187 


.496 


.499 


The  versed  sines  A  of  chord  at  the  different  quarters  were  ".80, 
".61,  ".61,  ".62,  the  first  mentioned  being  taken  next  the  line  of  fracture. 

HYDROSTATIC  TEST  OF  UNSTRKAKED  HOOP  17959  B4.    ORIGINALLY  A  10^  A2  HOOP. 


1.76  , 


Expansion  of  the  hoop  mcjvsuivd  at  the  middle  of  its  length  on  one 
diameter. 


Ititerior 

prcasuru 

per  Kquarc 

inch. 

i 

Fiber  streaBJ  Expanoion 

per  square,    in  diam- 

inch.      1       eter. 

_J 
Pounds.           Inch. 

ReniarlcH. 

Pounds. 

173 

5.000 

0. 

Initial  load. 

346 

10,000 

.0050 

518 

15,000 

.0099 

691 

20,000 

.0148 

864 

25,000 

.0197 

1,087 

30.000 

.0248 

1.209 

85,000 

.0294 

1,882 

40,000 

.0843 

178 

5,000 

.0016 

1.565 

45,000 

.0893 

1,728 

50,000 

.0443 

1,881 

58.000 

.0471 

178 

5,000 

Doc.  335 

.0022 

8 

H. 
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Interior 

preBsore 

per  square 


Fiber  Btzesi 

per  square 

inch. 


Expansion 
in  diam- 
eter. 


Remarks. 


Potmds. 
1,881 

178 
1,881 

178 
1,831 

178 
1.881 
.  178 
1,881 

178 
1,881 

178 

173 
1,881 

178 
1,866 

178 
1,986 

178 
2,004 

173 
2,078 

173 
2,142 

178 
2,211 

178 
2,280 

173 
2,849 

173 
2,419 

178 
2,488 

173 
2,667 

178 
2,626 

173 
2,696 

178 
2,764 

178 
3,289 

178 


PoUfifU. 

68,000 

6,000 
68,000 

6,000 
63,000 

6,000 
68,000 

6,000 
63,000 

6,000 
68,000 

6,000 

6,000 
58,000 

6,000 
64.000 

5,000 
66,000 

6,000 
68,000 

6,000 
60,000 

6,000 
62,000 

5,000 
64,000 

5,000 
66,000 

6,000 
68,000 

6,000 
70,000 

6.000 
72,000 

6,000 
74,000 

6,000 
76,000 

5,000 
78,000 

6,000 
80,000 

5,000 
98.760 

6,000 


Inch. 


.0024 


.0024 


.0018 


.0031 


.0019 


.0024 
.0008 


.0015 
.0480 
.0019 


.0019 


.0218 


.0897 


Applied  26  times. 

Applied  25  times. 

Applied  60  times.    Noou  intervened  after  87th  loading. 

Applied  100  times. 

Applied  100  times. 

Applied  100  times. 

Rested  16  hours. 
Applied  100  times. 

Elastic  limit. 


.1282 


.1666 


.1888 


.2600 


.8002 


.8406 


.3815 


.4838 


.8745 


Maximum  pressure  applied. 


Test  of  hoop  by  means  of  the  direct  accumulator  pressure  discon- 
tinued. 
Hoop  removed  from  testing  attachment  and  measured  as  follows: 


at 


VA2  after  chamfering. 


Expansion  in  diameter,  ".8745=3  per  cent. 

Flanges  chamfered  at  the  outer  edge  to  a  length  of  1".42. 
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Hoop  returned  to  the  testing  attachment  and  connections  made  with 
high  pressure  auxiliary  cylinaer. 


Interior 
preBBore 


Flb«r 


JHmndt. 
S,821 

8,410 
8,600 
8,666 
8,666 
8,780 
8,784 


Hoop 
resumea. 
8,816 
8,906 


Remarks. 


8,M7 
8,9e» 
4,014 
4,047 
4,066 


4,070 

4,106 

4,187 

2,286 
4,160 


JHmndt. 
06, 127      Auxiliary  cylinder  rechaiKed  between  times  of  applying  the  presores. 

Load  redaced  about  one-naif  at  the  time. 
08,606 
101,204 
102,011 
106,826 
107,068 
108, 078      Lower  paoUng  of  hoop  blew  out. 

Under  almlniflhed  loads,  about  one-half  the  original,  the  clroumf er- 
enoe  of  the  hoop  at  the  middle  of  its  length  measured:  After  8,410 
pounds  per  square  inch,  circumferenoe  OO^'.OO;  after  8,666  pounds  per 
square  Inch,  circumference  06".87;  after  8,744  pounds  per  square 
inch,  with  the  pressure  entirely  removed,  circumierence  W".0B— 6.76 

C!r  cent  extension.    At  the  ends  of  the  hoop,  under  the  flanges,  the 
terior  diameter  was  27''.08  to  28".00. 
removed  from  attachment,  ends  faced  and  chamfered  an  additional  ^.    Test 

111,811 
112,067 


4,160 
4,171 


114,227 
114,801 
116,190 
117,142 
117,400 


117,806 

118,750 

119,740 

64,720 
120,875 


Ciroumierence  OO'MS  under  1,200  pounds  per  square  inch  interior 

pressure. 
Circumference  98".87  under  1,200  pounds  per  Hquare  inch  interior 

pressure. 
Circumference  00".65  under  1,200  pounds  per  square  inch  interior 

pressure. 
Circumferenoe  100".4  under  1,200  pounds  per  Kiuare  inch  interior 

pressure. 
Circumference  101".26  under  1,200  pounds  per  square  inch  interior 

pressure. 
Circumferenoe  101".68  under  1,200  pounds  per  square  inch  interior 
pressure  •-  11.2  per  cent  extension. 
Lower  pcMsking  blew  out.    Hoop  removed  from  the  attachment,  ends  again  faced  and  cham- 
fered V*  additional.    Leiurth  of  flanges  after  chamfering  are  now  1".80. 

Durmg  the  last  stage  of  testing  the  clearance  (1*^  provided  in  the  recess  of  the  cap  of  the 
testing  attachment  was  exhausted,  necessitating  further  chamfering.    The  hoop  showed 
marked  local  bulging  on  one  side. 
Ends  were  again  UooA  and  flanges  rechamfered. 

Circumferenoe.  102".00  under  1,000  pounds  per  square  inch  interior 

pressure. 
Circumference,  102".50  under  1,000  pounds  per  square  inch  interior 

pressure. 
Circumference,  108^.12  under  1,000  pounds  per  square  inch  interior 

pressure. 
Rested  under  this  load  1  hour  and  20  minutes. 
Circumference,  103".62  under  1,000  pounds  per  square  inch  interior 

pressure. 
Circumference,  104''.06  under  1,000  pounds  per  square  Inch  interior 


120,876 
120^722 


pressure. 
Circi 


umferenoe,  104''.45  under  1,000  pounds  per  square  inch  interior 
pressure=14.2  per  cent  expansion. 


Packing  blew  out  at  lower  end  of  hoop. 

Hoop  removed  from  testing  fixture  and  measured  as  follows: 


<  87!85  to  87!87  .X 


T 

9S 


i-.o^^'^^r^ 


^/r.oe 


«        87".ai  to  87:o8  < 
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The  middle  part  of  the  hoop  was  bulged  on  one  side  beyond  the  outer 
line  of  the  flanges. 

Hoop  and  fixture  dismantled.  The  hoop  was  bored  out  at  the  ends, 
restoring  the  diameter  to  28'M  for  a  length  of  f "  to  ^V"  a*  ^ach  end. 
The  body  and  cap  of  the  testing  fixture  were  each  turned  to  28".  1 
diameter  to  fit  the  interior  diameter  of  the  hoop,  which  they  entered 
i"  at  each  end.  The  cap  was  further  recessed  to  a  total  depth  of  3i", 
and  both  the  cap  and  flange  at  the  base  of  the  hoop  were  chamfered. 

After  an  interval  of  nine  days  the  modified  parts  were  reassembled 
and  the  testing  was  resumed.  The  hydraulic  packings  were  brought 
to  a  condition  of  action  and  the  hoop  kept  under  an  interior  pressure 
ranging  from  2,800  to  2,600  pounds  per  square  inch  over  night.  This 
interval  was  followed  by  the  application  of  higher  pressures,  as  follows: 


l^^    FiberBtre« 


Remarks. 


Pounds. 
4,187 
8,181 
4,227 
2,286 
4,238 
2,236 
4,255 
4,272 
2,236 


PouTids. 
121,184 

90,614 
122,838 

64,720 
122,666 

64,720 
123, 147 
128,637 

64,720 


Rested  1  hour. 
Circumference,  10ft".40. 

Auxiliary  cylinder  was  recharged  at  frequent  Intervals. 
CIrciunference,  106".8=16.8  per  cent  expansion. 


The  hoop  shortened  rapidly  in  length,  accompanying  the  circumfer- 
ential expansion,  rendering  it  desirable  to  employ  exterior  staves  act- 
ing against  the  flanges  to  prevent  the  ends  of  tne  noop  dmwing  off  the 
entering  shoulders  of  the  testing  fixture.  The  staves  were  secured  in 
position  by  means  of  a  heavy  encircling  band  and  the  use  of  steel 
wedges.  The  staves  made  contact  with  flie  hoop  against  the  flanges 
and  fillets  only,  clear  space  being  preserved  for  further  expansion  at 
the  middle  part.  Owing  to  leakage  about  the  packings,  which  mani- 
fested itself  subsequently  to  the  last  period  of  loading,  induced  during 
screwing  down  the  cap  oi  the  testing  fixture  to  shorten  the  attachment, 
it  was  now  necessary  to  apply  the  higher  interior  pressures  by  pump- 
ing directly  into  the  fixture.  Connections  were  maae  with  the  auxiliary 
cylinder,  the  reaction  against  the  piston  was  weighed  upon  the  scale  of 
tne  testing  machine  whfle  the  pressures  were  advanced  by  the  accumu- 
lator pump.  For  the  time  being,  the  accumulator  pump  was  worked 
under  higher  steam  pressure  than  usual,  beyond  the  capacity  of  the 
accumulator  itself  and  its  pressure  gauge,  both  of  which  were  tem- 
porarily disconnected,  the  cross-over  connections  with  the  auxiliary 
cylinder  serving  as  the  means  of  arriving  at  the  interior  pressure  of 
tne  hoop. 

The  interior  pressure  was  now  increased  until  the  rupture  of  the 
hoop  was  effected,  which  occurred  under  a  load  of  38,900  pounds  on 
the  piston  of  the  auxiliary  cylinder,  which  gives  4,861  pounds  per 
square  inch  interior  pressure. 

Referred  to  the  original  dimensions  of  the  hoop,  the  fiber  stress  cor- 
responding to  this  interior  pressure  is  125,889  pounds  per  square  inch. 

After  rupture  the  circumference  at  middle  of  length  and  exterior  of 
hoop  measured  108".33=18.5  per  cent  expansion. 
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At  the  ends  of  the  fillets,  under  the  flanges,  the  circumferences 
measured  96".42  and  96".37- 

Fracture  began  at  the  exterior  surface  of  the  hoop  ".9  from  the 
middle  of  its  length,  and  extended  longitudinally  through  each  flange. 
The  fractured  surface  was  granular,  I'adiating  from  the  point  of  com- 
mencement. Along  the  fractured  edge  and  i"  distance  therefrom  the 
metal  was  drawn  down  to  the  following  thicknesses: 


At  frac- 
tured edge. 

i  inch  from 
edge. 

Inch. 

iMh. 

•1 

.473 

.480 

i 

4 

1 

.4.% 

.447 

>t.-.-. 

.471 

.477 

The  versed  sines  A  of  chord  at  the  different  quarters  were  2".  84, 
2".  71,  3'MO  and  2". 96,  the  first  mentioned  being  taken  next  the  line 
of  fracture.  The  present  length  at  the  interior  surface  was  17".49, 
being  reduced  from  the  original  length  of  20"  in  part  b}'  the  bulging 
of  the  walte  and  in  part  by  the  successive  facings  in  the  lathe  during 
chamferings. 

The  rent  showed  a  maxunum  opening  at  the  place  where  rupture 
began,  and  here  the  fractured  ends  were  8".12  apart,  at  the  lower  fillet 
7". 40,  and  at  the  upper  fillet  7".  17. 

An  oblique  fracture  began  iii  the  upper  half,  extending  in  an  irreg- 
ular course  4i".  The  latter  appearea  to  be  a  secondary  line  of  frac- 
ture, developed  in  respect  to  relative  time  after  the  separation  of  the 
metal  in  the  lower  half  of  the  hoop. 

The  metal  along  the  corners  B,  shown  in  the  above  sketch,  was  com- 
pressed during  the  progress  of  the  test.  At  corners  C  the  metal  was 
extended,  a  result  whicJi  followed  the  general  distortion  of  the  flanges. 

During  the  last  stage  of  the  test  a  number  of  cracks  having  a  longi- 
tudinal airection  were  developed  on  both  the  exterior  and  interior 
surfaces.     The  lengths  of  these  cittcks  ranged  from  ".05  to  ".18. 


PHOTOGRAPHS  SHOWING  APPEARANCE  OF  STREAKED 

AND  UNSTREAKED  HOOPS  DURING  AND 

AFTER  HYDROSTATIC  TESTS. 
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NO.  6. 

UNSTREAKED   HOOP   ^959   B4. 

GEMTRAL  VIEW  OF  THE  FRACTURED  SURFACE. 
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C0MPEE88I0N  TESTS  OF   EOCKEE   BLOCK  Aim  TEAGK  BLOCKS. 

FIRST  SERIES. 

The  material  tested  consisted  of  a  rocker  block  of  cast  steel  and 
track  blocks  of  cast  iron,  cast  steel,  and  forged  steel,  all  of  No.  2 
grade  of  metal.  The  Midvale  Steel  Company  furnished  the  castings 
for  the  rocker  block  and  one  of  the  track  blocks.  A  duplicate  cast 
steel  track  block  was  procured  from  the  United  States  Steel  Company, 
West  Everett,  Mass.  The  cast  iron  and  forged  steel  blocks  were  from 
the  arsenal  shops.  Their  dimensions  were  12"  square  by  6"  thick. 
The  rocker  block  was  tested  successively  with  the  cast  iron  track 
block,  the  cast  steel  (Midvale)  block,  the  forged  steel,  and  finally  the 
cast  steel  (Everett)  block.  The  working  faces  of  the  blocks  were 
carefully  finished  after  machining,  by  liand  scraping,  to  surfaces 
closely  approaching  true  planes  on  the  track  blocks  and  to  a  cylindrical 
surface  of  114"  radius  on  the  rocker  block. 

In  the  first  series  of  tests  loads  were  applied  not  exceeding  400,000 
pounds.  In  the  second  series  the  full  capacity  of  the  testing  machine, 
800,000  pounds,  was  employed.  The  details  of  the  tests  are  reported 
in  the  order  taken.  A  gauged  length  of  6"  was  established  on  the 
ends  of  the  pair  of  blocks  bein^  tested,  svumietrical  with  the  junction 
of  the  pieces  and  across  the  middle  of  tneir  width.  The  direct  com- 
pressions of  the  test  pieces  were  deteitnined  by  a  micrometer  covering 
this  gauged  length.  Upon  the  completion  of  the  two  principal  series 
of  o^ervations,  sheets  of  thin  tissue  paper,  one  at  a  time,  were  placed 
between  the  working  faces  and  loads  applied  for  the  purpose  of 
securing  an  impression  on  the  paper  representing  approximately  the 
width  of  the  surface  in  contact  at  different  pressures.  This  was 
followed  by  micrometer  observations  on  the  lateral  movement  of  the 
metal  of  the  blocks,  taken  normal  to  the  line  of  pressure3  applied,  and 
normal  also  to  the  elemental  line  of  contact  on  the  working  faces,  and 
finally  by  means  of  a  caliper  arm  the  longitudinal  extension  of  the 
metal  of  the  rocker  block  was  determined  in  two  places,  near  the  line 
of  contact  and  at  a  place  nearer  the  middle  of  the  block.  The  strains 
developed  during  the  tests  were  apparently  within  the  elastic  limits  of 
the  metals,  excepting  in  the  Everett  cast  steel  track  block,  which 
showed  the  presence  of  sets,  slowly  increasing  with  loads  of  600,000 
pounds  and  upward. 

There  were  negative  sets,  generally  of  small  magnitude,  which  per- 
sistently appeared  and  have  not  yet  been  satisfactorily  accounted  for. 
Their  presence  led  to  extended  observations,  which,  while  not  ex- 
plaining the  minus  readings,  showed  otherwise  uniformity  of  behavior 
throughout  the  tests.  The  effects  of  loads  below  100,000  pounds 
pressure  wei-e  obseiTcd  to  show  the  general  behavior  and  judge  of  the 
adjustment  of  the  blocks  in  the  testing  machine. 

The  results  with  the  cast  iron  track  block  showed  a  total  compression 
of  ".0030  under  400,000  pounds,  or  ".0026  between  the  loads  100,000 
and  400,000  pounds.  In  like  manner  the  test  with  the  cast  steel  (Mid- 
vale) block  showed  a  total  compression  of  ".0025,  or  ".0020  compression 
above  100,000  pounds  load.  The  forged  steel  and  the  Everett  cast 
steel  blocks  furnished  almost  identical  results  with  the  first  cast  steel 
piece.    With  the  Everett  east  steel  block  a  series  of  micrometer  read- 
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ings  were  taken  under  both  ascending  and  descending  loads,  which 
showed  the  two  paths  coincided. 

Higher  pressures,  increased  to  a  maximum  of  800,000  pounds,  were 
next  applied,  returning  to  the  use  of  the  cast  iron  track  block,  and 
using  the  succeeding  blocks  in  the  same  order  as  before.  Minus  sets 
still  appeared,  found  upon  release  to  the  initial  load.  Repeated  obser- 
vations showed  a  satisfactory  behavior  in  the  rate  and  uniformity  of 
compression  between  the  limits  of  100,000  and  800,000  pounds.  Dis- 
regarding the  minus  readings,  three  of  the  blocks  endured  the  full  load 
of  the  testing:  machine — 800,000  pounds — without  appreciable  injury. 
The  Everett  cast  steel  block  displaj^ed  a  plus  set  after  receiving  a  load 
of  600,000  pounds,  which  was  gradually  increased  under  higher  stresses, 
and  reached  ".0007  after  800,000  pounds  was  applied.  The  rocker 
block  already  having  been  loaded  several  times  with  800,000  pounds, 
this  permanent  set  must  have  been  confined  to  the  track  blocK  alone. 

The  direct  compression  of  the  individual  blocks  was  next  deter- 
mined. The  gauged  length  of  6"  was  taken  wholly  on  the  rocker 
block,  with  one  extremity  i"  from  the  working  face,  the  other  5i" 
away,  and  making  similar  observations  on  the  track  block.  The 
blocks  compressed  ".0030  and  ".0031,  respectively,  between  the  loads 
100,000  and  800,000  pounds,  aggregating  a  movement  of  ".0061, 
which,  being  greater  than  observed  on  the  gauged  length  taken  2^" 
on  each  block,  shows  an  appreciable  movement  beyond  the  limits  of 
the  original  gauged  length  taken  from  block  to  block. 

The  next  observations  were  made  on  the  lateral  movement  of  the 
metal  in  the  blocks.  Gauged  lengths  of  5"  each,  across  the  ends  of 
the  blocks,  normal  to  the  direction  of  the  applied  loads,  were  estab- 
lished at  different  distances,  i"  to  5"  from  the  working  faces.  A  few 
measurements  were  made  on  gauged  lengths  of  3"  andO".  The  more 
complete  results  on  the  5"  gauged  lengths  showed  in  the  rocker  block, 
at  the  distance  of  i"  from  the  working  face,  a  lateral  movement  inward, 
or  of  compression,  of  ".0007.  At  i"  from  the  face  no  lateral  move- 
ment was  found.  At  the  more  remote  distances  of  li"  to  5"  the  lat- 
eral movement  was  in  the  opposite  direction;  that  is,  outward  or  in  a 
tensile  direction,  the  maximum  reading  being  ".0010.  The  cast  steel 
(Everett)  track  block  behaved  in  the  same  manner  and  developed 
strains  of  nearly  the  same  magnitude. 

These  results  on  lateral  movements  show  that  the  blocks,  notwith- 
standing the  rigidity  of  their  proportions  and  the  parts  of  the  testing 
machine  against  which  they  abutted,  acted  as  beams  and  were  sensibly 
bent  by  the  pressures  employed.  The  metal  on  the  side  directly 
loaded  was  in  compression,  the  opposite  side  in  tension.  The  neutral 
axis  was  not  found  at  the  center  of  the  cross  section,  but  nearer  the 
working  face.  This  eccentric  position  is  attributed  to  the  combined 
effects  of  the  direct  compression,  tending  toward  lateral  expansion, 
and  the  bending  of  the  blocks  as  beams,  tending  toward  compression 
on  the  side  having  the  working  face. 

Final  observations  were  made  on  the  longitudinal  endwise  extension 
of  the  rocker  block,  measured  by  means  of  a  caliper  arm  over  the  end 
surfaces,  in  a  direction  parallel  to  the  line  of  contact  with  the  track 
block.  At  a  distance  of  i"  from  the  working  face  the  longitudinal 
extension  was  found  to  be  ".0017  under  800,000  pounds,  while  at  a  dis- 
tance of  2i"  from  the  face  the  longitudinal  extension  was  about  one- 
half  the  above  amount. 
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A  method  for  the  exact  determination  of  ^Hhe  amount  of  elastic  and 
permanent  contact"  has  not  been  found.  There  is  varying  intensity 
of  the  stresses,  due  to  the  shape  and  dimensions  of  the  blocKS,  and  the 
careful  observations  made  indicate  the  direction  and  extent  of  the 
principal  strains  developed  and  help  to  show  the  difficulties  in  any 
attempt  to  determine  with  precision  further  characteristics  of  tiie 
surfaces.  The  common  method  of  judging,  in  an  approximate  man- 
ner, of  the  extent  of  the  contact  surfaces  was  employed  on  this  occa- 
sion. A  thin  tissue  paper  was  placed  between  the  working  faces, 
different  pressures  applied,  and  the  impressions  on  the  paper  exam- 
ined. Paper  about  ".0012  thick  was  used.  It  required  10,000  pounds 
compression  to  make  a  permanent  impression.  The  impression,  at 
first  vague,  becomes  more  distinct  as  the  loads  are  increased.  Under 
800,000  pounds  the  width  of  the  impression  was  about  1".8  with  the 
forged  steel  titick  block  and  about  2'^  with  the  cast  iron  block. 

General  Results. 


/^S^'pp 


6'^   O' ^ 


Compression  Measured  on  a  Gauged  Length  of  5",  One-half 
THE  Distance  on  each  Block,  and  Across  the  Middle  of 
Width. 

first  beeues. 

[Loads  between  100,000  pounda  and  400,000  pounds.] 


Applied 
loads. 

CompresBion.    Rocker  block  tested  with  timck 
blocks  of- 

Cast  iron. 

Cast  steel 
(Midvale). 

Foiged 
steel. 

Cast  steel 
(Ererett). 

Pounds. 
100,000 
160,000 
200,000 
250,000 
300,000 
860,000 
400,000 

Inch, 

0. 
.0006 
.0009 

.0018 
.0017 
.0021 
.0025 

Inch. 

0. 

.0004 
.0007 
.0011 
.0015 
.0018 
.0020 

Inch. 

0. 

.0004 
.0007 
.0010 
.0014 
.0017 
.0020 

Inch. 

0. 
.0004 
.0007 
.0011 
.0014 
.0017 
.0020 
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SECOND  SERIES. 
[Loads  between  100,000  pounds  and  800,000  pounds.] 


GompresBion.    Rock  block  tested  with  track  blocks  of— 


Applied 
loads.      I 

I 


Cai$t  iron. 


h?^*JSS%!  Cast  steel 


Pounds. 
100,000 
200,000 
300,000 
400,000 
460,000 
500.000 
560,000 
600,000 
660,000 
700,000 
760,000 
800,000 


Inch. 

0. 
.0008 
.0017 
.0024 
.0027 
.0031 
.0034 
.0037 
.0041 
.0044 
.0047 

.oasi 


I 


Inch.      '  Inch. 

0.  0. 

.0008  .0007 

.0017  I  .0014 

.0024  .0020 
.0023 

.0031  I  .0025 
'  0028 

.0036  j  .0080 
'  .0033 

.0042  I  .0034 
0087 

.0047    I  .0039 


Forged 
steel. 


Inch. 

0. 
.0006 
.0013 
.0019 
.0021 
.0023 
.0026 
.0029 
.0081 
.0084 
.0036 
.0087 


Cast  steel 
(Ererett). 


Inch. 
0. 

.0006 

.0014 

.0019 

.0022 

.0025 

.0028 

a  .0081 

n  .0034 

a  .0087 

a  .0040 

a  .0043 


a  These  figures  include  set. 

Amount  of  Compbession  of  Individual  Blocks. 

ROCKER  BLOCK  AND  CAST  STEEL  (EVERETT)  TRACK  BLOCK. 


Gauged  lengths  established  as  shown  on  the  above  sket<*h. 


Applied 
loads. 

Measurements  taken 
on— 

Remarks. 

Rocker 
block. 

Track 
block. 

Pounds. 
100,000 
400,000 
800.000 

Inch. 

0. 
.0014 
.0030 

Inch. 

0. 
.0015 
.0031 

Initial  readliiK. 

BOOKSB  BLOCK  MVD   TBACK  BLOCKS. 

Lateral  MovEHEirr  of  Blocks. 


0^ 
IS 


■^ 


^V^< 


wvvvvy 


vw   V     V 


-e 


AppU«. 

Obnervatlona  on  rocker  block  on  6*  transverse  gaiured  lennrths  taken 
at  the  following  distences  from  the  working  face: 

iinch. 

1  inch. 

U  inches. 

2|  inches. 

Si  inches. 

4i  inches. 

5  inches. 

6,000 
800,000 

Inch. 
0. 
.0007 

Inch. 

0. 

0. 

Inch. 
0. 
.0004 

Inch. 
0. 
.0007 

Inch. 
0. 
.0009 

Inch. 
0. 
.0010 

Inch. 
0. 
.0010 

8"  GAUGED  LENGTH. 


800,000 

.0006 

1 

' 

V  GAUGED  LENGTH. 


'      800.000            .0006 

0016 

DIRECTION  OP  ABOVE  LATERAL  MOVEMENTS. 


Inward.      Neutral. 


Outward. 


Yjr 

Observations  on  cast  steel  (Everett)  track  block  on  6^  transverse 
puged  lengths  taken  at  the  following  distances  from  the  working 

i  inch. 

}  inch. 

U  inches. 

8|  inches. 

Inch. 
0. 
.0010 

6  inches. 

PowuU. 
6,000 
800,000 

Inch, 
0. 
.0007 

Inch. 
0. 
0. 

Inch. 
0. 
.0004 

Inch. 
0. 
.0012 

9^  GAUGED  LENGTH. 


800,000 


.0014 

DIRECTION  OF  ABOVE  LATERAL  MOVEMENTS. 


Inward. 

Contraction 

in  width. 

Neutral. 

Outward. 
Expansion  in  width  of  the  block. 
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Longitudinal  Extension,  Measubed  oveb  ends  of  Rockeb  Block. 


jPt-r^-^dz^o  -xa  o^ 


c7t  '^^ 


jBZeWAt  tc^t^  O^  oLocAs. 


Applied 

Distance  from  work- 
ing face. 

i  inch. 

2^  inch. 

Pounds, 

6,000 

400,000 

800.000 

7ncA. 

0. 
.0007 
.0017 

Inch. 
0. 

.0008 

CHEMICAL  ANALYSES  OP  ROCKER  BLOCK  AND  TRACK  BLOCKS. 


Carbon. 

Manga- 
nese. 

Silicon. 

Sul- 
phur. 

Phos- 
phorus. 

Description. 

Total. 

Gra- 
phitic. 

Com- 
bined. 

Cast  steel  rocker  block  and  track 
block  (MIdvale) 

.460 
.340 

.430 

L182 

.762 
.680 

.762 

.380 

.476 
.211 

.347 

1.800 

.046 
.178 

.070 

.048 

.088 
.037 

.086 

.463 

Cast  steel  track  block  (Everett). . 

Forged  steel  track  block  (Water- 
town  ArsenalJ 

Cast  Iron  track  block  (Watertown 
Ai^nfti).... 

8.100 

1.918 
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COHPSESSIOK  TESTS  OF  A  CAST  STEEL  EOCKEE  BLOCK,  OF  114" 
EABIirS  OF  CTTEVATTJEE,  WITH  TEACK  BLOCKS  OF  DIFFEEEHT 
METALS. 

DETAILS. 


/>v 


6^> 


The  compressive  strains  and  sets  measured  on  a  gauged  length  of 
5".  Details  of  the  tests,  first  stage  of  loading,  up  to  400,000  pounds 
compression. 

No.  10443. 


(TA8T  IRON  TRACK  BLOCK. 


Applied 
loadR. 

Compres-  :       ^^.^ 
8ion. 

Remarkti. 

Pounds. 

6,000 

10,000 

20,000 

40,000 

60,000 

60,000 

70,000 

80.000 

90,000 

100,000 

120,000 

160,000 

180,000 

200,000 

220,000 

260,000 

800,000 

880,000 

400,000 

400,000 

400,000 

100,000 

Inch. 

0. 

0. 

0. 

0. 
.0001 
.0002 
.0003 
.0004 
.0005 
.0006+ 
0007 

Inch. 
0. 

Initial  load. 

-.0001 

—.0002 

-.0002 

-.0002 

.0010 
.0012 
.0014 
.0015 
.0018 
.0022 
.0026 
.0080 
.0080 
.0081 
.0006 

-.0002 

-.0002 

-.0003 
-.0008 
-  .0008 
-.0003 

Re/)ted  under  load. 

-  .0002 
-.0002 

H.  Doc.  336- 
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No.  10444. 

CAST  STEEL  (MIDVALE)  TRACK  BLOCK. 


*,ssr 

Compres- 
sion. 

Set 

Remarks. 

Ptmndt. 
6,000 
10,000 
80,000 
40,000 
60,000 
80,000 
100,000 
120,000 
150,000 
180,000 
200,000 
220,000 
260,000 
300,000 
860,000 
400,000 
400,000 
400,000 
100,000 

Inch 

0. 

0. 

0. 

.0001 
.0002 
.0008 
.0005 
.0007 
.0009 
.0011 
.0012 
.0014 
.0016 
.0020 
.0028 
.0026 
.0025 
.0025 
.0006 

Inch. 
0. 

Initial  load. 

After  resting  1  hour. 

-.0001 

-.0001 

-.0002 

-.0002 

.0002 
-.0008 
-.0008 

-.0003 

-.0002 
-.0002 

No.  10446. 

FORGED  STEEL  TRACK  BLOCK. 


Applied 
loads. 

Compres- 
sion. 

Set.                                                  Remarks. 

Pounds. 
5,000 
10,000 
80,000 
40,000 
50,000 
50,000 
60,000 
80,000 
100,000 
120,000 
150,000 
180.000 
200,000 
220,000 
260,000 
300,000 
360,000 
400,000 
400,000 
400,000 
100,000 

Inch. 

0. 

0. 

0. 
.0001 
.0001 
.0001 
.0002 
.0004 
.0006 
.0006 
.0009 
.0011 
.0012 
.0014 
.0015 
.0019 
.0022 
.0026 
.0026 
.0028 
.0005 

Inch. 
0. 

Initial  load. 

After  resting  1  hour. 

-.0002 
-.0002 

-.0002 

-.0008 

-.0008 

-.0008 
-.0008 
-.0008 
-.0008 

-.0008 
-.0008 
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No.  10446. 

CAST  STEEL  (EVERETT)  TRACK  BLOCK. 


Applied 
loads. 


Compree- 
sion. 


Set 


Remarks. 


6,000 
10,000 
90,000 
40,000 
50.000 
60.000 
80,000 
100,000 
120.000 
160,000 
180,000 
200,000 
220,000 
260,000 
800,000 
850,000 
400,000 
400,000 
400,000 
100,000 


Inch. 

0. 

0. 

.0001 
.0002 
.0002 
.0006 
.0004 
.0006 
.0007 
.0010 
.0012 
.0018 
.0015 
.0017 
.0020 
.0028 
.0026 
.0026 
.0025+ 
.0005 


Inch. 
0. 


IniUal  load. 


-.0001 


.0002 
.0602' 


-.0002 


.0002 
.0002 
.0002 
.0008 


.0004 
.0004 


After  resting  1  hour. 


Rested  overnight  under  about  1.000  pounds  pressure. 


5,000 
100,000 
400,000 
400,000 
400,000 

60,000 
60,000 
100,000 
200,000 
800,000 
400,000 
800,000 
200,000 
100,000 
50,000 


.0005 
.0025 
.0025 
.0025 

.0001 
.0001 
.0005 

.0018 
.0020 
.0026 
.0020 
.0013 
.0005 
.0001 


-.0001 
-.0002 
-.0006 

-.0004 
-.0004 

-.0004 


.0001 


TESTS  OF  BLOCKS  UNDER  HIGHER  PRESSURE, 
No.  10443a. 

CAST  IRON  TRACK  BLOCK. 


PouwU. 

5,000 

10,000 

60,000 

100,000 

160.000 

200,000 

200,000 

60,000 


€k>mpres- 
sion. 


Inch. 

0. 

0. 
.0008 
.0007 
.0011 
.0015 
.0015 

0. 


Remarks. 


.0007 
.0007 
0008 


Initial  load. 


Repeated. 


Micrometer  removed,  cleaned,  and  returned  to  position. 


5,000  1 

0. 

0. 

60,000  1 

.0006 

-.0002 

60,000 

.0006 

-.0002 

100,000 

.0012 

—.0002 

160.000 

.0016 

-.0002 

200,000 

.0021 

—.0002 

50,000 

.0007 

100,000 

.0012 

160,000 

.0016 

200,000 

.0021 

160,000 

.0016 

100,000 

.0012 

60,000 

.0006 

-.6662 

250,000 

.0025 

-.0004 

800,000  , 

.0080 

-.0005 

860.000 

.0084 

-.0006  1 

60.000 

.0004 
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CAST  IRON  TBAGK  BLOOK-Oontinaed. 


Applied 
loads. 


Pimndt. 
100,000 
160,000 
200,000 
260,000 
800,000 
260,000 

aoo.ooo 

160,000 
100,000 
60,000 
40,000 
80,000 
20,000 
10,000 

5,000 
10,000 
20,000 
80,000 
40,000 
60,000 
40,000 
80,000 
20,000 
10,000 

5.000 


Compres- 
sion. 


Inch. 

.0011 

.0015 

.0020 

.0025 

.0029 

.0025 

.0020 

.0016 

.0012 

.0006 

.0002 

-.0001 

-.0004 

-.0008 


-.0007 
-.0005 
-.0001 
+.0002 
.0004 
.0002 
-.0001 
-.0006 
-.0008 


Bet 


Inch. 


.0009 


-.0009 


Kemarks. 


Track  block  removed  from  the  testing  machine  and  contact  surface  of  each  block  exam- 
ined by  means  of  surface  plate  and  curvature  gauge.  No  appreciable  change  in  the  shape 
of  the  surfaces  detected.  Track  block  returned  to  the  machine  and  readjusted  against  the 
rocker  block  and  test  resumed. 


5,000 

10,000 

20,000 

80,000 

40,000 

60,000 

40,000 

90,000 

20,000 

10,000 

5,000 

50,000 

5,000 

100,000 

200,000 

800,000 

1,000 

5,000 

100,000 

200,000 

800,00 

400,000 

800,000 

200,000 

100,000 

5,000 

50,000 

400.000 

400.000 

450.000 

600,000 

50,000 

100,000 

150,000 

200.000 

150.000 

100.000 

60,000 

550.000 

600,000 

650,000 

700,000 

760,000 

800,000 

50,000 

100,000 

150,000 

200,000 

250,000 

800,000 

850.000 


0. 

0. 

0. 
.0001 
.0002 
.0004 
.0002 
.0001 

0. 
-.0002 


.0004 


.0008 
.0016 
.0025 


.0006 
.0016 
.0024 
.0082 
.0024 
.0016 
.0007 


.0001 
.0032 
.0082 
.0085 
.0089 
.0001 
.0006 
.0011 
.0016 
.0012 
.0007 
.0001 
.0042 
.0045 
.0049 
.0052 
.0055 
.0059 
.0005 
.0010 
.0015 
.0020 
.0024 
.0028 
.0062 


0. 


-.0002 


-.0002 
-.0008 
-.0004 
-.0004 
-.0006 
-.0004 


-.0005 
-.0005 
-.0005 
-.OOOf, 
-  .0006 
-.0007 


-.0007 
-.0006 
-.0006 
-.0006 
-.0006 
-.0006 
-.0006 


Initial  load.    Micrometer  reset  at  zero. 
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Ptmnd$. 
400,000 
850,000 

aoo.ooo 

260,000 

200,000 

160,000 

100,000 

60,000 

6,000 

200,000 

400,000 

600,000 

800.000 

600,000 

400,000 

200,000 

5,000 

5,000 

10,000 

20,000 

80,000 

40,000 

60,000 

100,000 

200,000 

300,000 

400.000 

600,000 

600,000 

700,000 

800,000 

5,000 

60,000 

100,000 

150,000 

200,000 

260,000 

800.000 

260,000 

200,000 

160,000 

100.000 

60.000 

100.000 

200,000 

400,000 

600.000 

800.000 

600,000 

400,000 

200,000 

100,000 


Inch. 
.0085 
.0082 
.0028 
.0024 
.0020 
.0016 
.0010 
.0006 


Inch. 


.0020 
.0066 
.0047 
.0069 
.0048 
.0087 
.0021 


.0006 


-.0001 

0. 

+.0008 
.0005 
.0006 
.0010 
.0018 
.0027 
.0035 
.0042 
.0047+ 
.0068 
.0069 


-.0006 
-.0002 


.0007 
.0011 
.0015 
.0020 
.0023 
.0028 
.0024 
.0020 
.0015 
.0011 
.0007 
.0011 
.0020 
.0085 
.0048 
.0060 
.0049 
.0087 
.0022 
.0012 


-.0002 
.0002 
-.0002 
-.0002 
-.0002 
-.0002 
-.0002 
-.0002 
-.0002 
+.0004 


Blocks  readjuHted. 


.0004 


After  reflting  16  hours  under  5.000  pounds  load. 


After  resting  under  the  initial  load  30  houra. 
(Temperature  of  room  lower.) 


5,000  I 
60,000  . 
100,000 
200,000  I 
300.000  I 
400,000 
600,000 
600,000 
700,000 
800,000 
700,000 
600,000 
600,000 
400,000 
800,000 
200,000 
100,000 
60,000 

60,000 
100,000 
200,000 
800,000 
400,000 
800,000 
200,000 
100,000 

50,000 


.0002 
.0004 
.0006 
.0016 
.0026 
.0082 
.0089 
.0044 
.0060 
.0065 
.0061 
.0045 
.0040 
.0084 
.0027 
.0019 
.0010 
.0004 

.0008 
.0008 

.0017 
.0025 
.0068 
.0026 
.0018 
.0009 
.0004 


.0004 
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No.  10444a. 

CAST  STEEL  (MIDVALE)  TPACK  BLOCK. 


^sr 

Oompre» 
sion. 

Set. 

Remarks. 

Pounds. 

Inch. 

Tnch. 

6,000 

0. 

0. 

Initial  load. 

60,000 

.0004 

-  .0001 

100,000 

.0008 

-  .0001 

160,000 

.0012 

-  .0001 

200,000 

.0016 

-  .0001 

280,000 

.0019 

-  .0001 

800,000 

.0022 

-  .0001 

860.000 

.0025 

-  .0001 

400,000 

.0028 

-  .0002 

460,000 

.0081 

-  .0002 

600,000 

.0083 

-  .0002 

660,000 

.0036 

-  .0002 

600,000 

.0038 

-  .0002 

660,000 

.0041 

-  .0002 

700,000 

.0042 

-  .0002 

750,000 

.0046 

800,000 

.0047 

-  .0002 

50,000 

.0004 

100,000 

.0008 

200,000 

.0015 

800,000 

.0022 

400,000 

.0028 

. 

600,000 

.0084 

600,000 

.0088 

700,000 

.0048 

800,000 

.0047 

700,000 

.0048 

600,000 

.0039 

500,000 

.0034 

400,000 

.0029 

800,000 

.0028 

200,000 

.0016 

100,000 

.0009 

60,000 

I         .0004 

■"-'.'6665" 

Rested  under  Initial  load  16  hours. 

6,000 

+.0001 

60,000 

.0005 

100,000 

.0010 

200,000 

.0016 

800,000 

.0028 

400,000 

.0029 

800,000 
200,000 

.0028 

.0017 

100,000 

.0010 

50,000 

.0005 

■+'.'666i" 

100,000 
200,000 
800,000 
400,000 

.0010 

.0017 

.0028 

.0029 

600,000 

.0034 

600,000 

.0089 

700,000 

.0044 

800,000 

.0048 

700,000 

.0044 

600,000 

.0089 

600,000 

.0085 

400,000 
800,000 

.0080 

.0024 

200,000 
100,000 

.0017 

.0010 

"'+.*666i"' 
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No.  l()446a. 

FORGED  STEEL  TRACK  BLOCK. 


^,sr 

Compres- 
don. 

Set. 

Remarkfl. 

Ptmnd9. 

Inch. 

Inch. 

6,000 

0. 

0. 

Initial  load. 

60,000 

.0008 

0. 

100,000 

.0008 

0. 

160,000 

.0012 

0. 

200,000 

.0014 

0. 

260,000 

.0018 

0. 

800,000 

.0021 

-.0001 

850,000 

.0024 

-.0001 

400,000 

.0027 

-.0001 

460,000 

.0029 

-.0001 

600,000 

.0031 

-.0001 

660,000 

.0084 

-.0001 

000,000 

.0087 

-.0001 

660,000 

.0089 

—.0001 

700,000 

.0042 

-.0001 

760,000 

.0044 

-.0001 

800.000 

.0046 

-.0001 

60,000 

.0008 

100.000 

.0007 

200,000 

.0016 

800,000 

.0022 

400,000 

.0027 

600,000 

.0082 

000,000 

.0087 

700,000 

.0042 

800,000 

.0046 

700,000 

.0042 

600,000 

.0067 

600,000 

.0082 

400,000 

.0097 

800,000 

.0022 

200  000 

.0015 

100,000 

.0007 

60.000 

.0008 

-.0001 

No.  10446a. 

CAST  STEEL  (EVERETT)  TRACK  BLOCK. 


Applied 
loadH. 

■ 

Com- 
pression. 

Set. 

Remarks. 

Pounds. 

Inch. 

Inch. 

6,000 

0. 

0. 

Initial  load. 

60,000 

.0008 

0. 

100,000 

.0007 

-.0001 

160,000 

.0012 

-.0001 

200.000 

.0015 

-.0001 

260.000 

.0018 

-.0001 

800,000 

.0021 

-.0001 

860,000 

.0024 

-.0001 

400,000 

.0026 

-.0001 

450,000 

.0029 

-.0001 

600,000 

.0082 

-.0001 

650,000 

.0036 

0. 

600,000 

.0038 

+.0001 

660,000 

.0041 

.0002 

700,000 

.OOM 

.0003 

760,000 

.0047 

.0006 

800,000 

.0060 

.0007 

60.000 

.0012 

100,000 
200,000 
800,000 
400,000 
600,000 
600,000 

.0016 

.0023 

.0029 

.0084 

.0068 

.00^ 

700,000 
800,000 
700,000 

.0047 

.0061 

.0048 

800,000 
600,000 

.0044 

.0040 

400,000 

.0086 

800,000 

.0080 

200,000 
100,000 
60,000 

.0024 

.0017 

.0018 

.0008 
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Micrometer  Observations  Taken  on  the  Rocker  Block. 


<r 


Gauged  length  of  5"  established  on  top  surface,  one  extremity  being 
i"  from  the  element  making  contact  witn  the  Track  Block. 

No.  10446b. 

CAST  STEEL  (EVERETT)  BLOCK  USED. 


^^f 

Compres- 
sion. 

Set. 

Inch. 
0. 

Remarks. 

Pounds. 
6,000 
100,000 
200,000 
800,000 
400,000 
600,000 
600,000 
700,000 
800,000 
700,000 
600,000 
600,000 
400,000 
800,000 
200,000 
100,000 

Inch. 
0. 

.0007 
.0012 
.0016 
.0021 
.0024 
.0029 
.0082 
.0029 
.0026 
.0021 
.0017 
.0013 
.0009 
.0002 

Initial  load. 

-  .0001 

Gauged  length  of  6"  established  on  the  track  block  opposite  posi- 
tion in  preceding  test,  one  extremity  being  i"  from  the  face  next  the 
rocker  block. 


""ZT 

Compres- 
sion. 

Set. 

Remarks. 

Pounds. 
6,000 
100,000 
200,000 
800,000 
400,000 
600,000 
600,000 
700,000 
800,000 
700,000 
600.000 
600,000 
400,000 
800.000 
200,000 
100,000 
800,000 

Inch. 

0. 
.0004 
.0009 
.0014 
.0019 
.0022 
.0026 
.0031 
.0086 
.0031 
.0028 
.0024 
.0019 
.0015 
.0010 
.0005 
.0086 

Inch. 
0. 

Initial  load. 



.0004 
.0004 

rockbb  blook  akd  track  blocks. 
Tranbvbrse  Gauged  Lengths. 
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-<r 


Gauged  lengths,  5"  each. 

Everett  cast  steel  track  block  used  in  this  and  subsequent  experi- 
ments. 

No.  10446c. 

OBSERVATIONS  ON  CAST  STEEL  TRACK  BLOCK. 
[Transverse  gauged  length  taken  ^^  from  the  working  face.] 


Yosr 


Lateral 
Imoyement 


Pounds. 
6,000 
200,000 
400.000 
600.000 
800.000 
600,000 
400,000 
200,000 

5,ono 


Inch. 

0. 
.0002 
.0008 
.0005 
.0007 
.0005 
.0003 
.0002 

0. 


Set. 


Inch, 
0. 


Remarks. 


Initial  load. 

Movement  is  an  inward  one,  a  contraction  in  width  of 
the  block. 


[Transverse  gauged  length  taken  li''  from  the  working  face.] 


5,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200.000 

6,000 

0. 

0. 

0. 
.0002 
.OOM 
.0002 
.0001 

0. 

0. 

0. 

IniUal  load. 

Movement  is  an  outward  one, 
the  block. 

an  expansion  in  width  of 

0. 

[Transverse  gauged  length  taken  l"  from  the  working  face.] 


5,000 
200,000 
400,000 
600,000 
800,000 
400,000 

5,000 

0. 
0. 
0. 
0. 
0. 
0. 

0. 

Initial  load. 

No  lateral  movement  shown. 

.0001 

OBSERVATIONS  ON  THE  ROCKER  BLOCK. 
[Transverse  gauged  length  taken  i''  from  the  working  face.] 


5,000 
200,000 
400,000 
600,000 
800.000 
600.000 
400,000 
200.000 

6,000 

0. 
.0001 
.0004 
.0005 
.0007 
.0005 
.0004 
.0002 

0. 

0. 

Initial  load. 

Movement,  a  contraction  in  width  of  the  block. 

0. 
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OBSERVATIONS  ON  THE  ROCKER  BLOCK--Continued. 
[Transvene  gauged  length  taken  J"  from  the  working  face.] 


«:* 

• 

Lateral 

movement. 

Set. 

Remarks. 

Pounds. 
5,000 
200,000 
400,000 
600,000 
800,000 

5,000 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Inch. 
0. 

Initial  load. 

No  lateral  movement  shown. 

0. 

[Transverse  gauged  length  taken  U"  from  the  working  face.] 


5.000 
200,000 
400.000 
600,000 
800,000 
600,000 
.  400,000 
200,000 

5,000 

0. 

0. 
.0001 
.0008 
.0004 
.0008 
.0008 
.0001 

0. 

0. 

Initial  load. 

Movement,  an  expansion  in  width  of  the  block. 

0. 

[Transverse  gauged  length  taken  2^  from  the  working  face.] 


5,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

5,000 

0. 
.0001 
.0008 
.0005 
.0007 
.0005 
.0004 
.0002 

0. 

0. 

Initial  load. 

Movement,  an  expansion  In  width  of  the  block. 

[Transverse  gauged  length  taken  Si"  from  the  working  face.] 


6,000 
200.000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

6,000 

0. 
.0003 
.0005 
.0007 
.0009 
.0008 
.0006 
.0003 

0. 

Initial  load. 

Movement,  an  expansion  in  width  of  the  block. 

0. 

[Transverse  gauged  length  taken  A^"  from  the  working  face.] 


5,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

5,000 

0. 
.0002 
.0005 
.0008 
.0010 
.0008 
.0006 
.0004 

0. 

Initial  load. 

Movement,  an  expansion  in  width  of  the  block. 

0. 

[Transverse  gauged  length  taken  5"  from  the  working  face.] 


5,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

6,000 

0. 
.0002 
.0006 
.0006 
.0010 
.0009 
.0007 
.0004 

0. 

Initial  load. 

Movement,  on  expansion  in  width  of  the  block. 

0. 

HOC&EB  BLOOl^  AND  TBAOK  BLOCKS. 

OBSERVATIONS  ON  THE  ROCKER  BLOCK-Continued. 
[Observations  repeated  on  transverse  gauged  length  ^^  from  the  working  face.] 
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Applied 
loads. 

Lateral 
movement. 

Set. 

Remarks. 

Pouuds, 
5,000 
200,000 
400,000 
600,000 
800,000 
600.000 
400.000 
200,000 
5,000 

800,000 
6,000 

Inch. 

0. 

.0001 
.0008 
.0004- 
.0004 
.0004 
.OOOS 
.0001 

Inch, 
0. 

Initial  load. 

Movement,  a  contraction  in  width  of  the  block. 

0. 

.0004 

0. 

OBSERVATIONS  RENEWED  ON  TRACK  BLOCK. 
[Tr&nsvexse  gauged  lenglh  taken  y  from  the  working  face.] 


5.000 
200.000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

5,000. 

0. 
.0002 
.0004 
.0006 
.0007 
.0006 
.0004 
.0002 

0. 

Initial  load. 

Movement,  a  contraction  in  width  of  the  block. 

0. 

[Transverse  gauged  length  taken  5^'  from  the  working  face.] 


5.000 
200,000 
400,000 
600,000 
800.000 
600,000 
400.000 
200,000 

5,000 

0. 
.0003 
.0005 
.0009 
.0012 
.0010 
.0008 
.0005 

0. 

Initial  load. 

Movement,  an  expansion  in  width  of  the  block. 

0. 

[Transverse  gauged  length  taken  ^''  from  the  working  face.] 


6,000 
200,000 
400.000 
600.000 
800,000 
600,000 
400,000 
200,000 

5,000 

0. 
.0008 
.0005 
.0006 

.0010 
.0008 
.0006 
.0004 

0. 

Initial  load. 

Movement,  an  expansion  in  width  of  the  block. 

.0001 

OBSERVATIONS  RESUMED  ON  THE  ROCKER  BLOCK, 
rrransverse  gauged  length  now  reduced  to  3"  and  taken  l"  from  the  working  fiice.] 


5.000 
200.000 
400,000 
000,000 
800,000 
400.000 

5.000 

0. 
.0001 
.0006 
.0004 
.0006 
.0006 

0. 

Initial  load. 

Movement,  a  contraction  in  width  of  the  block. 

0. 
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OBSERVATIONS  RESUMED  ON  THE  ROCKER  BLOCK— Continued. 
[Gauged  length  now  increased  to  V  and  taken  i"  from  the  working  face.] 


Ycsr 

Lateral 
movenent. 

Set 

Remarks. 

Pounds. 

6,000 
200,000 
400,000 
000,000 
800,000 
400,000 

6,000 

Inch. 
0. 
.0001 

Inch. 
0. 

Initial  load. 

Movement,  a  contraction  in  width  of  the  block. 

.0003 

:::::::::::: 

.0006 
.0006 
.0004 

0. 

[Gauged  length  9"  long  taken  6^'  from  the  working  face.] 


6,000 
200,000 
400.000 
600,000 
800,000 
600,000 
400,000 
200,000 

6,000 

0. 
.0006 
.0009 
.0012 
.0016 
.0015 
.0011 
.0007 

0. 

Initial  load. 

Movement,  an  expansion  in  width  of  the  block. 

0. 

• 

OBSERVATIONS  ON  TRACK  BLOCK  AGAIN  MADE. 
[Gauged  length  of  9"  taken  6"  from  the  working  face.] 


5,000 

0. 

200.000 

.0004 

400,000 

.0008 

600.000 

.0012 

800.000 

.0014 

600.000 

.0013 

400,000 

.0010 

200,000 

.0006 

5.000 

0. 


.0001 


Initial  load. 

Movement,  an  expan.^on  in  width  of  the  block. 


OBSERVATIONS  ON  THE  ROCKER  BLOCK. 

[Measurements  taken  bv  means  of  a  caliper  over  the  length  of  the  rocker  block,  in  a  direction  par- 
allel to  the  contact  elemeni.s  and  i"  from  the  working  face,  at  the  middle  of  the  width  of  the 
block.] 


Applied 
loads. 

Longitudinal 
extension. 

Remarks. 

Pounds. 

5.000 
400,000 
800,000 

6,000 
800,000 

5,000 

Tnch. 

0. 
.0007 
.0017 
.0002 
.0017 

0. 

Initial  load. 

[Longitudinal  measurements  taken  at  a  distance  of  2k"  from  the  working  face.  Taken  in  a  line  with 
one  extremity  of  the  original  5"  gauged  length  established  for  measuring  the  direct  compression  of 
the  blocks.] 


6,000 

0. 

800,000 

.0008 

5,000 

0. 

800.000 

.0006 

5,000 

0. 

5,000 

800,000 

6,000 


[Caliper  returned  to  position  on  the  length  taken  J"  from  the  working  face.] 

Initial  load. 
.0016 
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COMPBESSIOir  TESTS  OF  ROCKER  BLOCK  AND  TRACK  BLOCKS. 

SECOND  SERIES. 
BLOOKS  OF  REDUCED  LENGTHS. 

The  rocker  block  and  track  blocks  were  each  cut  into  two  parts  and 
tests  made  on  parts  which  were  6"  long.  The  tests  were  conducted  in 
the  same  order  as  in  the  original  series  which  were  made  when  the 
blocks  were  12"  long,  first  loading  the  rocker  block  with  the  cast  iron 
track  block.  Compressions  were  measured  on  a  gauged  length  of  5", 
taken  at  the  middle  of  the  widths  of  the  blocks.  After  each  increment 
the  stress  was  reduced  to  the  initial  load  and  the  sets  determined. 
There  were  apparently  minus  sets  developed  under  the  earlier  loads, 
which  reached  a  maximum  of  —".0003  after  260,000  pounds  had  been 
applied.  At  550,000  pounds  the  set  was  in  a  plus  direction,  and  from 
this  load  onward  there  was  a  progressive  gain,  which,  after  the  appli- 
cation of  800,000  pounds,  was  ".0019. 

A  series  of  observations  was  next  taken  under  ascending  and  de- 
scending stresses.  The  second  application  of  800,000  pounds  increased 
the  set  only  ".0001.  The  blocks,  however,  having  talcen  jointly  a  set 
of  ".0020,  a  part  of  which  set  was  in  each  block,  it  was  necessary  to 
rescrape  the  rocker  block  to  restore  its  working  face  to  the  prescribed 
curvature,  114"  radius.  The  other  three  tracK  blocks  were  in  turn 
loaded  in  the  same  manner  as  above  described.  The  pennanent  sets 
developed  under  the  maximum  load  applied,  800,000  pounds,  the 
capacity  of  the  testing  machine,  were  as  follows: 


TeRtB  made  with  the— 


Cast  iron  track  hlock 

Cant  ateel  (Midvale)  track  hiock  . 

Forged  steel  track  olock 

Cast  steel  (Everett)  track  block.. 


Observations  on  the  lateral  movement  of  the  blocks  next  followed, 
ending  with  further  measurements  of  the  direct  compression,  or  the 
apparent  direct  compression  of  the  rocker  block  with  the  cast  steel 
(Everett)  track  block  on  gauged  lengths  at  the  middle  of  the  width  of 
the  blocks,  near  the  sides  and  at  intermediate  places. 

Referring  to  the  numerical  values  obtained  on  the  direct  compres- 
sion of  the  blocks,  in  comparison  with  the  results  found  when  the 
blocks  were  of  full  length,  it  appears  that  the  relative  compression  is 
less  now  than  in  the  earlier  tests,  comparing  the  effects  according  to 
the  loads  per  linear  inch  of  contact  surface.  The  following  tables  are 
prepared  to  illustrate  the  comparative  behavior  of  the  blocks  when  of 
roll  length,  and  at  the  present  time  when  shortened  one-half.    The 
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figures  pertaining  txx  the  6"  blocks  are'  deduced  from  the  series  of 
ascending  and  descending  loads. 


OBSERVATIONS  ON  COMPRESSION  OF  THE  ROCKER  BLOCK. 

USED  WriH  CAST  IRON  TRACK  BLOCK. 
[Gauged  lenirth  of  d^,  taken  2k"  on  each  Uock.] 


Applied 
loads. 

Blocks  12" 
long. 

Block*  6" 
long. 

Remarks. 

Pounds. 

Inch. 

Iwh. 

100,000 

0. 

0. 

Initial  leading. 

200,000 

.0006 

.0011 

300,000 

.00X7 

.0020 

400,000 

.0024 

.0028 

500,000 

.0031 

.0037 

600,000 

.0086 

.0046 

700,000 

.0042 

.00&2 

800,000 

.0047 

.0061 

USED  WITH  CAST  STEEL  (MIDVALE)  TRACK  BLOCK. 


100,000 

0! 

0. 

200,000 

.0007 

.0009 

800,000 

.0014 

.0016 

400,000 

.0020 

.0028 

600,000 

.0025 

.0029 

600,000 

.0030 

.0036 

700,000 

.0084 

.0043 

800,000 

.0039 

.0049 

Initial  reading. 


USED  WITH  FORGED  STEEL  TRACK  BLOCK. 


100,000 

0. 

0. 

Initial  reading. 

200,000 

.0006 

.0009 

300,000 

.0013 

.0016 

400,000 

.0019 

.0022 

500,000 

.0028 

.0028 

600,000 

.0029 

.0085 

700,000 

.0034 

.0041 

800,000 

.0087 

.0047 

USED  WITH  CAST  STEEL  (EVERETT)  TRACK  BLOCK. 


100,000 

0. 

0. 

IniUal  reading. 

200,000 

.0008 

.0006 

300,000 

.0014 

.0012 

400,000 

.0019 

.0017 

500.000 

.0025 

.0022 

600,000 

a. 0080 

.0027 

700,000 

a. 0084 

.0032 

800,000 

a. 0036 

.0087 

a  Sets  deducted;  resilient  movement  given. 

An  inspection  of  the  above  tables  shows  the  compressive  strains  in 
the  half  blocks  proportionally  less  than  in  the  whole  blocks,  the  differ- 
ence almost  disappearing  in  the  case  of  the  Everett  cast  steel  track 
block.  The  condition  of  the  Everett  block  at  the  time  this  comparison 
is  made  in  some  degree  explains  the  behavior  displayed,  since  it  had 
received  a  greater  permanent  set  than  the  other  blocks,  thereby 
increasing  the  contact  surface. 

Measurements  of  the  strains  in  a  lateral  direction  indicate  some  of 
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the  resultant  movements.  Both  blocks  considered  as  beams  show 
decided  bending  under  load,  as  evinced  by  the  lateral  movements 
observed  on  the  gauged  lengths  established  normal  to  the  direction  of 
loading,  and  taken  at  varying  distances  of  i"  to  5"  from  the  working 
faces.  The  neutral  axes  for  the  lateral  strains  were  eccentric,  as 
before  observed,  but  appeared  to  be  slightly  more  removed  from  the 
working  faces  than  in  the  earlier  series  of  tests,  in  this  respect  the 
blocks  of  reduced  lengths  showing  greater  freedom  in  bending.  The 
depths  of  the  blocks  necessarily  mfluence  their  bending  resistance, 
which  would  be  further  modified  by  the  support  received  from  the 
buttresses  of  the  testing  machine.  The  distortion  in  these  tests  is 
thought  to  be  largely  due,  however,  to  the  dimensions  of  the  blocks, 
insufficient  depth  of  metal  being  present  to  resist  the  pressures  applied. 
Both' blocks  iJend  and  develop  lateral  strains  not  unlike,  although  the 
rocker  block  rested  against  an  auxiliary  buttress  4"  deep,  whue  the 
track  block  was  reenforced  hy  a  buttress  lOJ"  deep,  each  clamped  in 
the  heads  of  the  testing  machme. 

Observations  on  direct  compression,  as  shown  by  the  measurements 
on  gauged  lengths  established  parallel  to  the  direction  of  loading,  were 
renewed.  Across  the  middle  of  the  width  of  the  blocks,  on  a  gauged 
length  of  10",  the  compressive  strain  observed  was  ".0079  for  a  load 
of  800,000  pounds.  One-fourth  inch  from  side  A  the  movement  was 
".0139,  and  the  same  distance  from  side  B  there  was  a  movement  of 
".0157,  while  at  intermediate  places  the  movements  were  ".0100  and 
".0114.  As  the  ends  closed  ".,0139  and  ".0157,  respectively,  the  mean 
being  ".0148.  and  the  middle  closed  ".0079,  there  is  a  difference  shown 
of  ".0069,  wnich  is  taken  to  indicate  the  aggregate  bending  of  both 
blocks.  The  closing  in  at  opposite  ends  was  not  alike.  This  depends 
upon  the  accuracy  of  the  adjustment  of  the  blocks  in  the  testing 
machine  initially,  and  upon  their  svmmetrical  yielding  when  permanent 
sets  are  developed  by  tne  higher  loads. 

In  order  to  illustrate  the  effect  of  change  of  position,  the  adjusting 
screws  of  the  testing  machine  were  moved  one  turn  toward  side  A, 
whereupon  the  resilient  movements  at  sides  A  and  B  became  ".0120 
and  ".0180,  respectively.  A  change  in  position  in  the  opposite  direc- 
tion of  one  turn  of  the  screws  as  before,  and  the  movements  at  sides 
A  and  B  now  were  ".0158  and  ".0121,  respectively. 

GENEBAL  BESULTS. 


Compression  measured  on  a  gauged  length  of  5",  one-half  of  the 
distance  taken  on  each  block,  and  at  the  middle  of  the  width, 
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FIRST  APPLICATIONS  OF  LOADS  TO  BLOCKS  OF  REDUCED  LENGTHS. 
[Loads  between  100,000  and  800,000  pounds.] 


Compression.    Rocker  block  tested  with  track 

blocks  of— 

Applied 
loads. 

Cast  iron. 

Ca8t  steel 
(Midvale). 

ForfCed 
steel. 

Inch. 

Cast  steel 
(Everett). 

Poundg. 

Inch. 

Inch. 

Inch. 

100,000 

0. 

0. 

0. 

0. 

160,000 

.0006 

.0006 

.0005 

.0005 

200.000 

.0011 

.0011 

.0009 

.0009 

250,000 

.0017 

.0016 

.0014 

.0013 

300,000 

.0022 

.0020 

.0017 

.0016 

350,000 

.0027 

.0028 

.0021 

.0020 

400,000 

.0031 

.0027 

.0024 

.0028 

460,000 

.0036              .0030 

.0027 

.0026 

600.000 

.0042 

.0084 

.0080 

.0029 

650,000 

.0048 

.0088 

.0034 

.0034 

600,000 

.0064 

.0041 

.0067 

.0040 

660,000 

.0060 

.0045 

.0041 

.0060 

700,000 

.0067 

.0050 

.0044 

.0057 

760,000 

.0073 

.0055 

.0049 

.0065 

800,000 

.0060 

.0061 

.oa'H 

.0072 

The  above  compressions  include  the  permanent  sets  developed  by 
the  several  blocks  when  the  loads  were  applied  for  the  first  times,  sets 
generally  appearing  after  loads  of  500,000  pounds  and  upwards  were 
applied. 

SECOND  APPLICATIONS  OF  LOADS  TO  BLOCKS  OF  REDUCED  LENGTHS. 
[Loads  between  100,000  and  800,000  pounds.] 


Compression.    Rocker  block  tested  with  track 

blocks  of— 

Applied 
loads. 

Cast  Iron. 

C>ast  steel 
(Midvale). 

Forged 
steel. 

Cast  steel 
(Everett). 

Pounds. 

Inch. 

Inch. 

Inch. 

Inch. 

100,000 

0. 

0. 

0. 

0. 

200,000 

.0011 

.0009 

.0009 

.0006 

300,000 

.0020 

.0016 

.0016 

.0012 

400,000 

.0028 

.0023 

.0022 

.0017 

600,000 

.0037 

.0029 

.0028 

.0022 

600,000 

.0046 

.0036 

.0035 

.0027 

700,000 

.0062 

.0043 

.0041 

.0032 

800,000 

.0061 

.0049 

.0047 

.0037 

Lateral  Movement  of  Blocks. 

Gauged  lengths. 

^ 


•9 


I 


^0 
X 


<-  e'-^ 
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The  direction  of  the  lateral  movement  ik  stated  in  the  notations  at 
the  foot  of  the  tables. 


Yosr 

Obseryatlons  on  rocker  block  on  5^  transvene  gauged  lengths  taken 
at  the  following  distances  from  the  working  face: 

i  inch. 

i  inch. 

14  inches. 

2|  inches. 

Inch. 
0. 
.0010 

3i  inches. 

4i  inches. 

5  inches. 

Inch. 
0. 
.0019 

Poitnds. 

6,000 

800,000 

Inch. 
0. 
.0016 
Inw 

Inch. 
0. 
.0003 
%rd. 

Inch. 
0. 
.0004 

Inch. 
0. 
.0014 
Outward. 

Inch. 
0. 
.0016 

Applied 
loads. 

Obfiervations  on  castnteel  (Everett)  track  block  on  5"  tranRvenie  gauged 
lengths  taken  at  the  following  distances  from  the  working  face: 

J  inch. 

(inch. 

Ik  inchea. 

2|  inches. 

Si  Inches. 

4i  inches. 

Inch. 
0. 
.0016 

6  inches. 

Pounds. 

6,000 

800.000 

Inch. 
0. 
.0021 
Inw 

Inch. 
0. 
.0006 
ard. 

Inch. 
0. 
.0008 

Inch. 
0. 
.0009 

Inch. 
0. 
.0014 
Outward. 

0. 
.0021 

Comparison  of  the   Direct  Compression  of  the  Blocks  taken 
AT  Different  Places  on  their  Widths. 


ROCKER  BLOCK  USED  WITH  CAST  STEEL  (EVERETT)  TRACK  BLOCK. 
[Gauged  lengths,  10».] 


Applied 
loads. 


Pimndg. 

6.000 

800,000 


Compresrion  on  gauged  lengths  at— 


i  inch  from 
side  A. 


^  inches 
from  side  A, 


Inch, 
.0139    I 


Inch. 
0. 
.0100 


Middle  of 
width. 


Inch. 
0. 
.0079 


3|  inches       }  inch 
from  side  B.  from  side  B. 


Inch, 
0. 
.0114 


Inch, 
0. 
.0167 


Adiujiting  screws  of  testing  machine  moved  one  turn  toward  side  A. 

800,000    I         .0120    I J I I         .0180 

Adjusting  screws  of  testing  machine  moved  one  turn  toward  side  B. 

800,000    I  .0168    I I I I         .0121 


I- 
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SECOND  SERIES  OF  COMFKESSIOIT  TESTS  OF  A  CAST  STEEL 
ROCKEE  BLOCK,  OF  114 '  BADIXTS  OF  CTJEVATUBE,  WITH  TRACK 
BLOCKS  OF  DIFFEREITT  METALS. 

DETAILS. 


BLOCKS  OF  KEDUCED  LENGTHS. 


The  rocker  block  and  track  blocks  were  cut  into  two  parts,  6"  and 
5".  3  long,  respectively.     Test  were  resumed  on  the  parts  6"  long  each. 


^/  2  7c 


CAST  STEEL  (MIDVALE)  ROCKER  BLOCK  USED  WITH  TRACK  BLOCKS 
OF  DIFFERENT  METALS. 

No.  10443d. 


CAST  IRON  TRACK  BLOCK. 


^,sr 

Compres- 
don. 

Set. 

RemarkR. 

Pounds. 

Inch. 

Inch. 

6,000 

0. 

0. 

Initial  load. 

60,000 

.0006    i 

-.0001 

100,000 

.0013    1 

-.0001 

150,000 

.0019 

-.0001 

200,000 

.0024    i 

-.0002 

260,000 

.0030    ; 

-.0003 

800,000 

.0036    1 

-.0008 

860,000 

.0040    1 

-.0003 

400,000 

.0044    ; 

-.0003 

450,000 

.0049    : 

-.0002 

500,000 

.0065    ' 

-.0001 

550,000 

.0061 

+.0002 

600,000 

.0067 

.0005 

ReHted  under  25,000  poundn  16  hour 

660,000 

.0073 

.0007 

nent  set. 

700.000 

.0080 

.0011 

750,000 

.0086    , 

.0014 
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CAST-STEEL  (MIDVALE)  ROCKER  BLOCK,  ^rC— Oontiuued. 
CAST  IRON  TRACK  BLOCK--Ooiitinoed. 


Applied 
loads. 

Compres- 
sion. 

Set 

Remarks. 

Pounds. 
800,000 

100,000 
200,000 
800,000 
400,000 
SOO.O0O 
600,000 
700,000 
800,000 
TOO,  000 
600,000 
500,000 
400,000 
300,000 
200,000 
100.000 

Inch, 
.0098 

.0088 

.0044 
.0068 
.0061 
.0070 
.0079 
.0085 
.0004 
.0086 
.0080 
.0078 
.0065 
.0056 
.0047 
.0066 

Inch. 
.0019 



. 

.0020 

An  examination  of  the  working  faces  of  the  rocker  and  track  blocks 
showed  the  surfaces  to  be  concave  ".001+  each, ,  the  result  of  the 
permanent  set  acquired  during  the  test. 

Placing  tissue  paper  (about  ".0012  thick)  between  working  faces  of 
rocker  and  track  blocks  and  applying  pressure,  the  impression  left  on 
the  paper  measured  about  2".45  ana  3". 20  wide  for  loads  of  400,000 
and  800,000  pounds,  respectively. 

ROCKER  BLOCK  RESCRAPED  TO  PRESCRIBED  CURVATURE,  lir 

RADIUS. 

No.  10444d. 

CAST  STEEL  (MIDVALE)  TRACK  BLOCK. 


A?SSf 

Compres- 
sion. 

Set 

Pounds. 

JficA. 

Inch. 

5,000 

0. 

0. 

IniUal  load. 

50.000 

.0007 

0. 

100,000 

.0014 

0. 

150,000 

.0020 

0. 

200,000 

.0025 

0. 

260.000 

.0060 

0. 

800,000 

.0084 

0. 

850,000 

.0087 

0. 

400,000 

.0041 

0. 

450,900 

.0044 

0. 

500,000 

.0048 

+.0001 

560.000 

.0062 

.0001 

600,000 

.0056 

.0002 

650,000 

.0059 

.0004 

700,000 

.0064 

.0006 

750,000 

.0069 

.0009 

800,000 

.0075 

.0012 

100,000 

.0026 

200,000 

.0085 

800,000 

.0042 



400,000 

.0049 

500,000 

.0055 

;.;; 

600,000 

.0062 

700,000 

.0069 

800,000 

.0075 

700,000 

.0070 

• 

600.000 

.0064 

500.000 

.0067 

400,000 

.0060 

800,000 

.00«4 

200,000 

.0066 

100,000 

.0027 

.0014 
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No.  10446d. 

FORGED  STEEL  TBACK  BLOCK. 


Ynsr 

Gompre»- 
sion. 

Set. 

Remarlu. 

Pounds, 

Inch. 

Inch. 

6,000 

0. 

0. 

InitUl  load. 

60,000 

.0007 

0. 

100,000 

.0012 

0. 

160,000 

.0017 

0. 

200,000 

.0021 

+.0001 

250,000 

.0026 

.0001 

800,000 

.0029 

.0001 

850.000 

.0088 

.0001 

400,000 

.0086 

.0001 

450,000 

.0089 

.0001 

600,000 

.0042 

.0001 

660,000 

.0046 

.0001 

600,000 

.0049 

.0002 

660,000 

.0063 

.0002 

700,000 

.0066 

.0004 

750,000 

.0061 

.0006 

800,000 

.0066 

.0008 

100,000 
200,000 
300,000 
400,000 
600,000 

.0020 

.0029 

.0086 

.0042 

.0048 

600,000 
700,000 

.0065 

.0061 

800,000 
700,000 
600,000 
600,000 
400,000 

.0067 

0062 

.0066 

0051 

.0044 

800,000 
200,000 

.0038 

.0031 

100,000 

.0022 

.0010 

No.  10446d. 

CAST  STEEL  (EVERETT)  TBACK  BLOCK. 


YcSr 

Compres- 
sion. 

Set. 

Remarks. 

Pounds. 

Inch, 

Inch. 

6,000 

0. 

0. 

Initial  load. 

50,000 

.0008 

0. 

100,000 

.0012 

0. 

160,000 

.0017 

0. 

200,000 

.0021 

0. 

250,000 

.0028 

0. 

800,000 

.0028 

0. 

^^ 

.0082 

0. 

.0086 

0. 

450,000 

.0088 

0. 

600,000 

.0041 

.0001 

650,000 

.0046 

.0006 

600,000 

.0062 

.0011 

650,000 

.0062 

.0020 

700,000 

.0069 

.0026 

750,000 

.0077 

.0088 

800,000 

.0084 

.0041 

100,000 

.0049 

200,000 

.0066 

800,000 

.0061 

400,000 

.0066 

600,000 

.0071 

600,000 

.0076 

700,000 

.0081 

800,000 

.0066 

* 

700.000 

.0083 

600,000 

.0079 

600,000 

.0074 

400,000 

.0069 

800,000 

.0061 

200,000 

.0068 

100,000 

.0062 

.6643 

BOOKEB  BLOCK  AND  TRACK  BLOCKS. 
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•0 
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OBSERVATIONS  ON  CASTS  TEEL  (EVERETT)  TRACK  BLOCK;  TRANS- 
VERSE OAVQED  LENGTH  6'\ 

No.  10446e. 

[\"  from  the  working  face.] 


Applied 
loadg. 

Lateral 
movement. 

Set. 

Remarks. 

Pwmdt. 

6.000 
200.000 
400.000 
600.000 
800,000 
600,000 
400,000 
200.000 

5.000 

Inch, 
0. 

.0010 
.0015 
.0019 
.0021 
.0019 
.0015 
.0010 


Inch. 
0. 

Initial  load. 

Movement  is  an  inward  one,  a  contraction  in  the  width 
of  the  block. 

0. 

[6^  gauged  length,  \i*  from  the  working  face.] 


5.000 
200,000 
400,000 
600.000 
800.000 
600,000 
400.000 
200,000 

200.000 
400.000 
600.000 
800.000 
600,000 
400.000 
200.000 
100.000 
60,000 

0. 
.0004 
.0006 
.0007 
.0006 
.0006 
.0005 
.0005 

.0004 
.0005 
.0006 

.0006 
.0006 
.0005 

.0004 
.0008 

.0001 

0. 

Initial  load. 

Movement  is  a  contraction  in  width. 

0. 

"• 

[5^  gauged  length,  \V*  from  the  working  face.] 


5.000 

0. 

200.000 

+  .0001 

400,000 

0. 

600,000 

-  .0001 

800,000 

-  .0008 

600.000 

-  .0001 

0. 

200;000 

+  .0001 

Initial  load. 

Movement  is  a  contraction  in  width  at  200.000  nounds. 
return  to  original  length  at  400,000  pounds,  ana  an  ex- 
pansion at  600.000  and  800,000  pounds. 
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OBSERVATIONS  ON  CAST  STEEL   {EVERETT)  TRACK  BLOCK,   ETC.— 

Continued. 

[6''  gaufred  length,  2f  from  the  working  face.] 


tsr 

Lateral 
movement. 

-Set. 

Inch. 
0. 

Bemarkfl. 

Pounds. 
6,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 
100,000 

Inch. 

0. 

0. 
.0008 
.0006 
.0009 
.0006 
.0004 
.0001 
.0001 

Movement  \»  an  expansion  in  width. 

0. 

[5^  gauged  length,  Zi"  from  the  working  face.] 


6,000 
200,000 
400,000 
600,000 
800,000 
600,000 

0. 
.0002 
.0006 

.0010 
.0014 
.0011 
.0007 
.0004 

0. 

Initial  load. 

Movement  Im  an  expannfon  in  width. 

400,000 

200,000 

0. 

[5*  gauged  length  4 J"  from  the  working  face.] 


6,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

0. 
.0004 
.0008 
.0013 
.0016 
.0014 
.0011 
.0006 

0. 

IniUal  load. 

Movement  is  an  expauHion  in  width. 

0. 

[6*  gauged  length  6^  from  the  working  face.] 


6,000 

0. 

200,000 

.0005 

400,000 

.0010 

600,000 

.0016 

800,000 

.0021 

600,000 

.0019 

400,000 

.0016 

200,000 

.0009 

100,000 

.0006 

50,000 

.0003 

Initial  load. 

Movement  Ib  an  expanidon  in  width. 


OBSERVATIONS  ON  THE  CAST  STEEL  ROCKER  BLOCK;  TRANSVERSE 

OA  UGED  LENGTH  6''. 

[Taken  y  from  the  working  face.] 


Applied 
loads. 

Lateral 
movement 

Set. 

Remarks. 

Pounds, 
6,000 
200,000 
400,000 
600.000 
800,000 
600,000 
400,000 
200,000 

Iwh. 

0. 

.0006 
.0009 
.0013 
.0016 
.0014 
.0010 
.0006 

Inch. 
0. 

Initial  load. 

Movement  U  a  contraction  in  width. 

0. 
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OBSERVATIONS  ON  THE  CAST  STEEL  ROCKER  BLOCK,  ^7Y7,— Continued. 
[6^  gftoged  leiith  i"  from  the  working  face.] 


Ycsr 

• 

lAteTal 
movement. 

Set. 

Inch. 
0. 

RenuurkB. 

Pounds. 
6,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

Inch. 

0. 

.0001 
.0001 
.0001 
.0008 
.0008 
.0002 
.0001 

InitUl  load. 

Movement  is  a  contraction  in  width. 

0. 

6,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 


6,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 


[5f*  ga.nged  length  W/  from  the  working  face.] 


0. 
.0008 
.0005 
.0006 
.0010 
.0006 
.0006 
.0006 


[&"  ganged  length  21"  from  the  working  face.] 
0. 


Initial  load. 

Movement  in  an  expanidon  in  width. 


[5"  gauged  length  S|''  from  the  working  lace.] 


.0001 
.0007 
.0010 
.0014 
.0011 
.0006 
.0004 


Initial  load. 

Movement  la  an  expanrion  in  width. 


[6"  gauged  length  4^"  from  the  working  face.] 


[6"  gauged  length  6''  from  the  working  face,] 


6,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

0. 
.0001 
.0002 
.0008 
.0004 
.0008 

0. 

Initial  load. 

Movement  ia  an  expansion  in  width. 

.0002 
.0001 

0. 

5,000 
200,000 
400.000 
600,000 
800,000 
600.000 
400.000 
200,000 

0. 
.0004 
.0006 

.0011 
.0015 
.0013 
.0010 
.0006 

0. 

Initial  load. 

Movement  Is  an  expansion  in  width. 

0. 

6,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200.000 
100,000 
CO,  000 

0. 
.0006 
.0011 
.0016 
.001i» 
.0017 
.0018 
.0007 
.0004 
.0002 

0. 

Initial  load. 

Movement  is  an  expansion  in  width. 

0.+ 
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Observations   on  the  Direct  Compression  of  the  Blocks 

Renewed. 


<^ 


CAST  STEEL  {EVERETT)  TRACK  BLOCK,  r/'  GAUGED  LENGTH. 

No.  10446f. 

[Side  A,  y  from  aides  of  blocks.] 


Applied 
loads. 


Poundg. 
5,000 
100,000 
200,000 
800,000 
400,000 
500,000 
600,000 
700,000 
800,000 
700.000 
600,000 
500,000 
400,000 
800,000 
200,000 
100,000 


Compres- 
sion. 


Set. 


Inch. 
0. 

.0024 

.0048 

.0058 

.0074 

.0088 

.0102 

.0116    ' 

.0129    I 

.0118    ' 

.0106 

.0094 

.0080    I 

.0065    ! 

.0047    I 

.0027 


Inch. 
0. 


.0001 


Remarks. 


Initial  load. 


[5"  gauged  length,  side  B,  i"  from  the  sides  of  the  blocks.] 


5,000 
100,000 
200,000 
800,000 
400,000 
500,000 
600,000 
700,000 
800,000 
700,000 
600,000 
500,000 
400.000 
300,000 
200,000 
100,000 

0. 
.0028 
.0048 
.0067 
.0086 
.0101 
.0117 
.0188 
.0148 

0. 

Initial  load. 



.0136 
.0121 
.0107 
.0091 
.0078 
.0053 
.0030 

. 

0. 
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CAST  STEEL  (EVERETT)  TRACK  BLOCK,  5''   GAUGED  LENGTH— Con- 

tinued. 


[10"  gauged  length,  side  A,  i"  from  Bides  of  the  blocks.] 


Applied 
loads. 

Oomprei»- 
sion. 

Set. 

Remarks. 

Pounds. 
5,000 
100,000 
200.000 
300,000 
400,000 
600,000 
600,000 
700,000 
800,000 

Inch. 

0. 

.0025 
.0045 
.0068 
.0079 
.0098 
.0109 
.0126 
.0139 

Inch. 
0. 

Initial  load. 

0. 

[uyr  gauged  length  at  middle  of  width  of  blocks.] 


5,000 
100,000 
200,000 
300,000 
400,000 
500,000 
600,000 
700,000 
800.000 

0. 
.0011 
.0021 
.0081 
.0041 
.0061 
.0060 
.0069 
.0079 

0. 

IniUal  load. 

0. 

[W  gauged  length,  side  B,  i"  from  sides  of  the  blocks.] 


5,000 

0. 

100.000 

.0027 

200,000 

.0049 

300,000 

.0069 

400,000 

.0068 

600,000 

.0106 

600,000 

.0124 

700,000 

.0140 

800,000 

.0157 

Initial  load. 


[ID''  gauged  length,  8i"  from  side  A.] 


5,000 
100,000 
200,000 
300,000 

600;000 
600,000 
700,000 
800,000 

0. 
.0016 
.0080 
.0048 
.0054 
.0067 
.0078 
.0090 
.0100 

0. 

Initial  load. 

0. 

[10"  gauged  length,  9y'  from  side  B.] 


5,000 

0. 

100,000 

.0017 

200,000 

.0084 

300.000 

.0048 

400,000 

.0063 

600,000 

.0075 

600,000 

.0067 

700.000 

.0100 

800,000 

.0114 

Initial  load. 
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Horizontal  adjusting  screws  of  testing  machine  holder  moved  one 
turn  toward  side  A. 

[Obeeryations  repeated  on  10^  gauged  length  ^^  from  side  A.] 


Ycsr  i  ^r„"* 

Set. 

Remarks. 

Poundt. 

.  5,000 
400,000 
800,000 
800,000 

Inch. 

0. 
.0065 
.0127 
.0131 

Inch. 
0. 

Initial  load. 

.0007 
.0011 

[10^  gauged  length  ^^  from  side  B.] 


5,000 
400,000 
800,000 

0. 
.0104 
.0181 

0. 

Initial  load. 

.0001 

Adjusting  screws  moved  two  turns  in  the  direction  B,  the  blocks 
now  being  one  turn  toward  B  bej^'ond  their  original  position. 


[10^  gauged  length  i"  from  side  A.] 


Applied 
loads. 

Compres- 
sion. 

Set.'                                                  RemarkK. 

Pounds. 
5,000 
400.000 
800,000 
800.000 

Inch. 

0. 
.0140 
.0192 
.0194 

Inch. 

0.              Initial  load. 

.0081 
.0036 

[10"'  gauged  length  y*  from  side  B.] 

5,000 
400,000 
800,000 

0. 
.0066 
.0125 

0. 

Initial  load. 

.0004 

BOOKEB  BLOCK   AND  TBAOK   BLOCKS. 
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tbhsub  TESTS— specimehs  fkok  eocsxe  block  ahs  teack 

BLOCKS. 

No.  7456. 

Specimen  from  cast  steel  I'ocker  block. 

Marks,  R. 

Diameter  ".664. 

Sectional  area,  .25  square  inch. 

Grauged  length,  3". 


Applied 
loads  per 

Elongation 
per  Inch. 

Soccesfdve 
elongation 
per  inch. 

Permanent 
set 

Successive 
set. 

Remarks. 

Ptmndt, 
1,000 
5,000 
10,000 
20,000 
80,000 
81,000 
82,000 

Inch. 
0. 

.000133 
.000267 
000688 
.001067 
.001100 
.001188 

Jncfi, 
0. 

.000188 
.000184 
.000866 
.000484 
.000083 
.000068 
.000067 
.000067 
.000066 
.000167 
.000100 
.000200 

Inch, 
0. 
0. 

Inch, 
0. 
0. 

Initial  load. 

0. 
.000033 

6. 
.000033 

Elastic  limit. 

88,000    1      .001200 
34,000    '      .001267 
85,000          .001883 
86,000          .001600 
87,000    '      .001600 

.000183 

.000100 

88,000 
40,000 
42,000 
44,000 

.001800 
.002783 
.004888 
.OOfiOOO 

.000963 



.001600 
.001567 
.001600 
.001667 
.001888 

' 

46,000    '      .007500 

48,000 
60,000 
75,920 

.009167 
.011000 



1 

Tensile  strength. 

1 

Oeneral  summary. 

Tensile ftrength  per  aqnare  inch  of  original  section pounds..    75,920 

Elastic  limit  per  square  inch  of  original  section do...    82,000 

Elongation  per  inch  after  rupture inch..       .058 

Elongation  per  inch  under  strain  at  elastic  limi  t do ....  001138 

Reduction  in  diameter  at  point  of  rupture do...       .024 

Reduction  in  area  after  rupture,  per  cent  of  original  section 8.4 

Position  of  rupture 1.  "8  from  neck 

Character  of  broken  surface granular,  silvery  luster 

Elongation  of  inch  sections ".OS,  ".06*,  ".06 
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BOGKEB   BLOCK    AND   TBAGK    BLOCKS. 
No.  7456. 


Specimen  from  cast  iron  track  block. 

Marks,  C  I. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

(jauged  length,  3". 


AppUed 

loacUper 

square 

inch. 

Elongation 
per Inch. 

Permanent 
set. 

Inch. 
0. 

Successive 

permanent 

set. 

Pounds. 
1,000 
2,000 
8,000 
4.000 
5.000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14.000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27.000 
28,000 
29.000 
30,000 
88,120 

Inch. 
0. 

.000067 
.000100 
.000188 
.000167 
.000267 
.000300 
.000867 
.000400 
.000467 
.000567 
.000688 
.000667 
.000788 
.000883 
.000938 
.001000 

Inch. 
0. 
.000067 

.000083 
.000034 
.000100 
.000083 
.000067 
.000083 
.000067 
.000100 
.000066 
.000084 
.000066 

.oodloo 

.000100 
OQOQfi? 

Inch. 
0. 

Initial  load. 

0. 

0. 

0. 

0. 

.000033 

.000038 

1 

Tensile  strength. 

.001067    .      .000067 
.001133            OOQOfifi 

.001233 
.001383 
.001483 
.001583 
.001638 

.oorss 

.001900 
.002067 
002283 
.002-,00 
.002700 

.000100 
.000100 
.000100 
.000100 
.000100 
.000100 
.000167 
.000167 
.000166 
.000167 
.000300 

.000133 

.000100 

.000300 

.000167 

.000833 

.000583 

General  summary. 

Tensile  strength  per  square  inch  of  original  section *. pounds. .  33,120 

Position  of  rupture 1''.46  from  neck 

Character  of  broken  surface granular,  gray,  granitic 


BO0KE&   BLOCK    AND   TRACK    BLOCKS. 

No.  7467. 

Specimen  from  cast  steel  (Mldvale)  track  block. 

Marks,  M. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Grauged  length,  3". 
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AppUed 

loaOBper 

Miiare 

inch. 

Elongation 
per  Inch. 

SucceBBive 
elongation 
per  Inch. 

Permanent 
act 

Successive 

permanent                        Remarks, 
set.       1 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
81,000 
32,000 
88,000 
34,000 
35,000 
36,000 
38,000 
89,000 
40,000 
41,000 
42,000 
43,000 
44,000 
46,000 
48,000 
60,000 
88,400 

Inch, 
0. 

.000100 
.000800 

.000667 
.001067 
.001100 
.001167 
.001233 
.001267 
.001383 
.0014S3 
.001567 
.001688 
.001867 
.002167 
.008067 
.003883 
.004788 
.006333 
.006088 
.009567 

Inch, 
0. 

.000100 
.000200 
.000667 
.000400 
.000083 
.000067 
.000066 
.000034 
.000066 
.000100 
.000134 
.000066 
.000234 
.000300 
.000900 
.000766 
.000900 
.001600 
.001700 
.001534 

Inch. 
0. 
0. 

Inch, 
0. 
0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 

0. 
.000067 

6. 
.000067 

1 

.666183       .066666 

1 

1 

.000500 

.000867 

General  summary. 

Tensile  strength  per  square  inch  of  orlffinal  section pounds..    88,400 

Elastic  limit  per  squaxe  Inch  of  original  section do...    34,000 

Elongation  per  incn  after  rupture Inch..       .118 

Elongation  per  inch  under  strain  at  elaKtic  limit do. . .  .  001267 

Reduction  in  diameter  at  point  of  rupture do. . .       .044 

Reduction  in  area  after  rupture,  per  cent  of  original  section 15. 0 

Position  of  rupture ".85  from  neck 

Character  of  broken  surface granular,  silvery  luster 

Elongation  of  inch  sections ".13*, 'Ml,  ".10 
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BOOKEB  BLOCK  AND  TRACK  BLOCKS. 

No.  7458. 


Specimen  from  forged  steel  track  block. 

Marks,  F. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


loads  per 
square 
inch. 

Elongation 
permch. 

Succewive 
elongation 
permch. 

rt^mmneiit 

pi-nnanent 

HtmaikM, 

P&unda. 
1,000 
5,000 
10,000 
20,000 
80,000 
81,000 
82,000 
33,000 
34,000 
85,000 

36,000 

37,000 
88,000 
89,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
81,520 

Inch. 
0. 

.000100 
.000383 
.000700 
.OOUOO 
.001133 
.001200 
.001233 
.001267 
.001300 
f    .001400 
1     .004100 
.006333 
.007267 
.007767 
.008600 
.009267 
.010333 
.011000 
.012367 
.012733 

Inch. 
0. 

.000100 
.000233 
.000867 
.000400 
.000033 
.000067 

0. 

In^h. 
0, 

InltLal  loml. 
ElHHlk-  Umil. 

Tenjlle  ittfonsrth. 

0. 

.000038 

.000084 

.000100 
.002700 
.002283 
.000984 
.000500 
.000633 
.000667 
.001066 

.001367 
.000666 

*,w*. 

General  gummary. 

Tensile  strength  per  square  inch  of  original  section pounds. .    81, 620 

Elastic  limit  per  square  inch  of  original  section do. . .    35, 000 

Elongation  per  incn  after  rupture inch. .         . 21 

Elongation  per  inch  under  strain  at  elastic  limit do...  .001300 

Reduction  in  diameter  at  point  of  rupture do...       .114 

Reduction  in  area  after  rupture,  per  cent  of  original  section 36.4 

Pofdtion  of  rupture l^.OS  from  neck 

Character  of  broken  surface granular  75  per  cent,  silky  25  per  cent 

Elongation  of  inch  sections ''.14,''.21.''.2»» 


EOCKEB   BDOCK    AND   TRACK    BLO0K8. 

No.  7459. 
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Specimen  from  cast  steel  (Everett)  track  block. 

Marks,  E. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loaasper 

square 

inch. 


Pounds, 
1,000 
6,000 
10,000 
20,000 
80,000 
81,000 
32,000 
88,000 
84,000 
36,000 
86,000 

37,000 

88,000 
39,000 
40,000 
41.000 
42,000 
43,000 
44,000 
46,000 
81,960 


Inch, 
0. 
.000167 
.000888 

.000733 
.001100 
.001188 
.001200 
.001288 
.001267 
.001800 
.001400 
.002383 


.010600 
.011100 
^011900 
.013000 


.007400 
.007883 
.008667 


Successive 
elongation 
per  Inch. 


Inch. 
0. 

.000167 
.000166 
.000400 
.000667 
.000083 
.000067 
.000033 
.000084 
.000083 
.000100 
.000983 
.004000 
.001067 
.000433 
.000884 
.000666 
.001167 
.000600 
.000800 
.001100 


Permanent 
set. 


Inch. 


Successive 

permanent 

set. 


Inch. 


0. 
0. 


Remarks. 


Initial  load. 


Elastic  Umlt. 


Tensile  strength. 


General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .    81. 900 

Elastic  limit  pei  square  inch  of  original  section do. ..    86,000 

Elongation  per  inch  after  rupture inch. .       .  228 

Elongation  per  inch  under  strain  at  elastic  limit do...  .001800 

Reduction  in  diameter  at  point  of  rupture do. . .       .104 

Reduction  in  area  after  ruptu  re,  per  cen  t  of  original  section 83. 5 

Position  of  rupture 1''.40  from  neck 

Character  of  broken  surface silky  80  per  cent,  granular  20  per  cent 

Elongation  of  inch  sections ".23, ''.2»*,  *  16 

TABULATION  OF  TENSILE  SPECIMENS  FROM  ROCKER  BLOCK  AND 

TRACK  BLOCKS. 


No.  of 
tost. 

Mark 

on 
speci- 
men. 

Diam- 
eter. 

Sec- 
tional 
area. 

Sq.inch. 
.26 

.26 

.25 

.26 

.26 

Elastic 
limit 
per 

square 
inch. 

Pminth. 
82,000 

84,000 
86,000 

36,000 

Tensile 
strength 

per 
square 
inch. 

Elon- 
gation. 

Con- 
trac- 
tion of 
area. 

Appearance  of  frac- 
ture. 

Elongation  of 
inch  sections. 

7456 
7466 

R 

C.I... 
M  .... 
F 

E 

.564 
.664 
.564 
.564 

.664 

Pounds. 
76,920 

88,120 

88,400 

81,620 

81.960 

Perrt.    Peret. 

5.3  1      8.4 

Granular,     silvery 

luster. 
Qranular,  gray,  gra- 
nitic. 
Qranular,     silvery 

luster. 
Qranular    75     per 

cent,  silky  26  per 

cent. 
Silky  80  per  cent. 

granular  20   per 

cent 

If       tr     ft 
.05,   .06*,  .06 

7457 
7458 

7459 

11.3 
21.0 

22.8 

15.0 
36.4 

33.5 

.18»..ll.   .10 
.14,  .21,   .28* 

.28,   .29»,.15 
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BOGEER   BLOCK    AND   TRACK    BLOCKS. 


COMPEESSIOK   TESTS. 


-SPECIMENS   FBOK   EOCKEE  BLOCK   AND 
TEACK  BLOCKS. 


No.  1178. 

Specimen  from  cast  steel  rocker  block. 

Marks,  R. 

Total  length,  5." 

Diameter,  1".00. 

Sectional  area,  .7854  square  inch. 

Grauged  length,  4." 


AppUed 

loads  per 

sqtiare 

inch. 

Compres- 
sion per 
inch. 

Succ€«dve 
compres- 
sion per 
inch. 

Perma- 
nent set. 

Successive 
perma- 
nent set. 

Remarks. 

Ftmndt. 
1,000 
5,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24.000 
25,000 
26,000 
27,000 
28,000 
29,000 
80.000 
31,000 
82,000 
33,000 
84,000 
85,000 
86,000 
37,000 
88,000 
39,000 
40,000 
41,000 
42.000 
48,000 
44,000 
45,000 
88,300 

Inch. 
0. 
.000260 
.000475 
.000500 
.000525 
.000660 
.000600 
.000650 
.000675 

000700 
.000725 
.000750 
.000800 
.000825 
.000875 
.000900 
.000960 
.000975 
.001000 
.001025 
.001075 
.001100 
.001125 
.001175 
.001225 
.001250 
.001300 
.001360 
.001400 
.001450 
.001625 
.001650 
.001975 
.008875 
.006000 
.005750 
.006360 
.007125 

Inch. 
0. 
.000260 
.000225 
.000025 
.000025 
.000025 
.000050 
.000050 
.000025 
.000025 

.000025 

.oooaw 

.000025 
.000060 
.000025 
.000060 
.000025 
.000025 
.000025 
.000050 
.000025 
.000026 
.000060 
.000060 
.000025 
.000060 
.000060 
.000060 
.000060 
.000075 
.000125 
.000325 
.001400 
.001626 
.000760 
.000600 
.000775 



Inch. 
0. 
.000025 
.000060 

Inch, 
0. 
.000025 
.000025 

Initial  load. 

Elastic  limit,  approximate. 
Ultimate  strength. 

1 

1 

.000050 

0. 

.000100 

.000060 

.666166 

0. 

.666125 

.000025 

.000225 

.000100 

.000750 

.000526 

.005625 

.004875 

Failed  by  triple  flexure. 


ROCKEB    BLOCK    AND   TRACK    BLOCKS. 
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No.  1177. 

Specimen  from  cast  iron  track  block. 

Marks,  CI. 

Total  length,  6". 

Diameter,  1".00. 

Sectional  area,  .7854  square  inch. 

Gauged  length,  4". 


Failed  by  triple  flexure. 
H.  Doc.  335 11 
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BOGKER   BLOCK   AND   TRACK    BLOCKS. 

No.  1179. 


Specimen  from  cast  steel  (Midvale)  tmck  block. 

Marks,  M. 

Total  length,  5". 

Diameter,  1".00. 

Sectional  area,  .7854  souare  inch. 

Gauged  length,  4". 


Applied 

loads  per 

8Qiiare 

inch. 

Compres- 
sion per 
inch. 

Successive 
compres- 
sion per 
inch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

PouiicU. 
1,000 
5,000 
10.000 
11,000 
12,000 
18,000 
14,000 
15,000 
16.000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25.000 
26,000 
27,000 

Inch. 
0. 

.000100 
.000275 
.000650 
.000400 
.000425 
.000476 
.000500 
.000600 
.000600 
.000600 
.000650 
.000825 
.001050 
.001625 
.002100 
,002750 
.008775 
.004600 
.005750 
.007060 
.008050 
.009075 

Inch. 

0. 
.000100 
.000176 
.000076 
.000060 
.000025 
.000050 
.000025 

0. 

0. 
.000100 
.000050 
.000176 
.000225 
.000575 
.000475 
.000660 
.001025 
.000825 
.001150 
.001300 
.001000 
.001025 

Inch. 
0. 
.000026 
.000100 

Inch. 
0. 
.000025 
.OOOOVb 

Initial  load. 
Elastic  limit. 

intimate  strength. 

.000100 

0. 

1 

.000900 

.000200 

} 

! 

.003025 

.002725 

28,000 

29,000 

30,000 

1        57,  K« 

.OOSIOO 

.0aW75 

, 

Failed  b}'  triple  flexure. 


BOOKER   BLOCK    AND   TBACK    BLOCKS. 

No.  1180. 

Specimen  from  forged  steel  track  block. 

Marks,  F. 

Total  length,  6". 

Diameter,  1".(K). 

Sectional  area,  .7854  souare  inch. 

Gauged  length,  4". 
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Applied 
loadiper 

PiHmds. 
1.000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
36,000 
37,000 
39,000 
30,000 
10,000 
41,000 
42.000 
43,000 
44.000 
45,000 
79,300 

CoMiprcfl" 

skmpcr 

incfr 

ctunprraf' 
tilon  per 

a«t. 

pcna&UGQt 
set. 

ReuiHrkh. 

Inch. 
0. 
.000075 
.000200 
.000350 

.ooa-ioo 

.000650 
.00OS5O 
,001150 
.001260 
.001400 
.002250 
.00^875 
.003825 
.004150 
•004760 
.005700 
.006500 
.007225 



Inth. 

0, 
.000075 
.000125 
.000150 
.000150 
.000150 
.000200 
.OOOBOO 
.000100 
.000150 
,000^50 
.000625 
.000750 
.0005-25 
.000600 
.000950 
.OOOHOO 
,000725 

0. 
0. 

Indu 

ELiisLlR  limit. 
UiUrmiteittnjtigtlL 

0, 

a 

0. 

or 

.tMlXiJb 

.003275 

.005600 

.000375 

„,„ 

Failed  by  triple  flexure. 
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EOOKEB   BLOCK    AND   TBAOK   BLOCKS. 
No.  1181. 


Specimen  from  cast  steel  (Everett)  track  block. 

Marks,  E. 

Total  length,  6". 

Diameter,  1".00. 

Sectional  area,  .7854  square  inch. 

Gauged  length,  4". 


Applied 

loads  per 

square 

inch. 

Pounds. 
1,000 
5,000 
10,000 
11,000 
12,000 
13.000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24.000 
25,000 
26,000 
27,000 
28,000 
29,000 
90,000 
57,000 

Compres- 
sion per 
inch. 

Successive 
compres- 
sion per 
inch. 

Inch. 
0. 

.000050 
.000200 
.000025 
.000025 
.000050 
.000025 
.000050 
.000025 
.000050 
.000025 
.000025 
.000100 
.000275 
.000475 
.000375 
.000975 
.000750 
.001000 
.001025 
.001175 
.000950 
.000860 

Permanent 
set. 

Inch. 
0. 

S: 

Successive 
set. 

Remarks. 

Inch. 
0. 
.000050 
.000250 
.000275 
.000800 
.000350 
.000375 
.000425 
.000450 
.000500 
.000525 
.000550 
.000650 
.000925 
.001400 
.001775 
.002750 
.003500 
.004600 
.006625 
.006700 
.007650 
.008500 

Inch. 
0. 
0. 
0. 

Initial  load. 
Elastic  limit. 
Ultimate  strenflrth. 

.000025 

.000025 

.000125 

.000100 

.002725 

.002600 

.007625 

.004900 

i 

Failed  by  triple  flexure. 

TABULATION  OF  COMPRESSIVE  SPECIMENS  FROM  ROCKER  BLOCK 
AND  TRACK  BLOCKS, 


No.  of 
test. 

Mark  on 
specimen. 

Total 
length. 

Diam-  Sectional 
eter.        area. 

Elastic 

limit  per 

square 

inch. 

Compres- 
sive 
strength            Manner  of  failure. 

square   , 
inch.     1 

1 

1178 

R 

Inches. 
5 
6 
5 
6 
6 

Inch.     Sq.  inch. 
1.00          .7854 
1.00          .7854 
1.00          .7854 
1.00          .7854 
1.00          .7854 

Pmmds. 
037,000 

"i9,'666* 
35,000 
19,000 

Pounds. 
83,300 

102,100 
57,800 
79,300 
57,000 

Triple  flexure. 
Do. 
Do. 
Do. 
Do. 

1177 
1179 
1180 

1181 

C.I 

M 

F 

E 

a  Appropriate. 


WROUGHT  IRON. 


165 


r 


WBOtTGHT   IRON. 
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i 

u 
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a 
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.s 
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bo 
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o 

X 

.£ 

i 

oT 
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o 

a 

'S 


g 


*?!  as  s  sa  2S  s  s  ss 


=,2! 

4 

o 

aa 

2S 

i; 

s 

as 

^2 

aX 

» 

si 
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s 

oT 

85 

sS 
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WROUGHT   IRON. 


Second  Series. 

Strength  and  Elongation  of  Wrought  Iron  Bars  after  Treat- 
ment BY  Heating  to  a  Full  Yellow  Heat  and  Cooling  in 
Air,  Water,  and  Oil. 

Finished  bars  were  treated  and  threaded  ends  subsequently  cleaned 
in  the  lathe;  stems  of  specimens  not  redressed. 
Specimens  of  this  series  were  turned  down  from  li"  rolled  rods. 

No.  7474. 

Ck)mmon  Refined  Iron. 

Heated  full  yellow  and  cooled  in  air. 

Diameter,  ".794. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

1 
Remark.s. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
15,000 
20,000 
25,000 
80,000 
31,000 
32,000 
83,000 
34,000 
32,000 
83,000 
84,000 
35,000 
36,000 
37,000 
38,000 
40,000 

Inches. 
0. 
.0008 
.0021 
.0031 
.0043 
.0055 
.0069 
.0072 
.0076 
.0079 
.0082 
.0263 
.0380 
.1016 
.1100 
.1320 
.1465 
.1650 
.22 

Inch. 

0. 

0. 

0. 

0. 

0. 
.0001 
.0003 

Initial  load. 

; 

Elastic  limit. 

Tensile  strength. 
=26.3  per  cent. 



42,000              .27 
44,000     '          -34 

46,000 
48,000 
60,000 
52,000 
62,440 
0 

.43 

.58 

.69 

1.07 

1.36 

1.68 

Elongation  of  inch  sections,  'M9,  ".21,  ".23,  ".49*, 
Diameter  at  fracture,  ".59;  area,  .2734  square  inch. 
Contraction  of  area,  45.3  per  cent. 
Appearance  of  fracture,  nbrous. 


.25,  ".21. 


WROUGHT   IRON. 

No.  7475. 

Common  Refined  Iron. 

Heated  full  yellow  and  quenched  in  oil. 

Diameter,  ".796. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 
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Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

P&undi. 
1,000 
5,000 
10,000 
19,000 
20,000 
25,000 
30,000 
31,000 
32,000 
83,000 
34,000 
85,000 
36,000 
87,000 
88,000 
89,000 
40,000 
41,000 
42,000 
43,000 
44,000 
46,000 
48,000 
60,000 
62,000 
54,000 
66,000 
56,400 
0 

Inch. 

0. 

.0009 
.0020 
.0081 
.0041 
.0054 
.0071 
.0078 
.0084 
.0092 
.0108 
.0130 
.0180 
.0860 
.0660 
.0725 
.0860 
.0970 
.1186 
.1420 
.1610 
.20 
.27 
.84 
.42 
.68 
.74 

Inch.    ' 

0. 

0. 

0. 

0. 

0. 
.0001 
.0009 

IniUal  load. 
Elastic  limit. 

Tensile  strength. 
=•15.2  per  cent. 

.0059 

.0763 

•  ••••• 

.91 

Elongation  of  inch  sections,  ".12,  ".09,  ".12,  ".12,  ".15,  ".31* 
Diameter  at  fracture,  ".67;  area,  .3526  square  inch. 
Contraction  of  area,  29.5  per  cent. 
Appearance  of  fracture,  fi  orous. 

H.  Doc.  335 12 
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WBOUGHT   IRON. 


No.  7476. 


Common  Refined  Iron. 

Heated  full  yellow  and  quenched  in  water. 

Diameter,  ".796. 

Sectional  area,  .50  square  inch. 

Lenjfth  of  stem,  7". 

Gauged  length,  6". 


Applied 

loodBper 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
Uon. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15.000 
20,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
81,000 
32,000 
33,000 
34.000 
85,000 
36,000 
88,000 
40,000 
42,000 
44,000 
46,000 
48,000 
60,000- 
52,000 
54,000 
56,000 
58,000 
60,000 
60,400 
0 

Inch. 

0. 

,0011 
.0028 
.0039 
.0052 
.0073 
.0078 
.0082 
.0088 
.0093 
.0101 
.0109 
.0118 
.0126 
.0148 
.0164 
.0197 
.0340 
.0510 
.0680 
.1010 
.1360 
.1770 
.23 
.29 
.86 
.46 
.60 
.88 

Inch. 

0. 

0. 
.0001 
.0002 
.0008 
.0015 

Initial  load. 

Tenalle  atrength. 
=16. 7  per  cent 

.0082 

.0086 

.0418 

1.00 

Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".32*,  ".18,  ".13,  ".13,  ".14,  ".15. 

Diameter  at  fracture,  ".60;  area,  .2827  square  inch. 

Contraction  of  area,  43.5  per  cent. 

Appearance  of  fracture,  fibrous. 


WROUGHT   IRON. 

No.  7477. 

Best  Puddled  Iron. 

Heated  full  yellow  and  cooled  in  air. 

Diameter,  ".795. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 
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Applied 

loads  per 

square 

inch. 

In  gauged  lenirth. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
80.000 
81,000 
82,000 
81,000 

S»SS 
88,000 

84,000 

85.000 

86.000 

87,000 

88.000 

40,000 

42,000 

44,000 

46,000 

48,000 

50,000 

51,600 

0 

Inches. 
0. 

.OOU 
.0024 
.0067 
.0049 
.0060 
.0076 
.0080 
.0640 
.0660 
.0700 
.0660 
.1000 
.1180 
.1820 
.1580 
.1770 
.24 
.29 
.87 
.46 
.58 
.77 

Inch. 

0. 

.0001 
.0001 
.0002 
.0002 
.0006 
.0009 

Initial  load. 
ElasUo  limit. 

Tensile  strength. 
-25.2  per  cent. 

.1005 

1.51 

,  ".38*,  "29, 


Elongation  of  inch  sections,  ".19,  ".19,  " 
Diameter  at  fracture,  ".64;  area,  .3217  square  inch. 
Contraction  of  area,  35.7  per  cent. 
Appearance  of  fracture,  fibrous. 


.24. 
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WROUGHT   IRON. 


No.  7478. 

Best  Puddled  Iron. 

Heated  full  yellow  and  quenched  in  oil. 

Diameter,  ".797. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 


Applied 
loads  per 

square 

inch. 

In  gauged  length. 

L    .     .       

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50.000 
52,000 
54,000 
55,760 
0 

Inches. 
0. 
.0009 
.0019 
.0080 
.0041 
.0054 
.0069 
.0074 
.0090 
.0100 
.0120 
.0160 
.0230 
.0400 
.0620 
.0880 
.1190 
.1500 
.21 
.28 
.34 
.43 
.55 
.74 

Inch. 
0. 
0. 
0. 
0. 
0. 
.0001 

Initial  load. 
Elastic  limit. 

Tensrle  strength. 
=24  per  cent. 

.0024 

.0320 

.1094 

1.44 

Elongation  of  inch  sections,  ".20,  ".22,  ".21, 
Diameter  at  fracture,  ".64;  area,  .3217  square  inch, 
Contraction  of  area,  35.7  per  cent. 
Appearance  of  fracture,  fibrous. 


.27,  ".33*,  ".21. 


WBOCQHT  IBON. 
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No.  7479. 

Best  Puddled  Iron. 

Heated  full  yellow  and  quenched  in  water. 

Diameter,  ".797. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 


loads  per 
square 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Poundi. 
1,000 
6,000 
10,000 
16,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
28,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
80,000 
82,000 
64,000 
36,000 
88,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50.000 
62,000 
54,000 
56,000 
67,120 
0 

Inch, 

0. 
.0009 
.0020 
.0064 
.0068 
.0041 
.0048 
.0048 
.0061 
.0067 
.0060 
.0064 
.0069 
.0077 
.0061 
.0067 
.0098 
.0102 
.0U2 
.0142 
.0196 
.0900 
.0680 
.0780 
.1016 
.1400 
.17 
.24 
.80 
.38 
.48 
.66 
.82 
.86 

Inch. 
0. 
0. 
0. 
.0004 

Initial  load. 

.0010 

.0022 

Tensile  strength, 
s  14.2  per  cent 

.0050 

.0686 

Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".19,  ".13,  ".15,  ".14,  ".12,  ".12. 
Diameter  at  fracture,  ".67;  area,  .3526  square  inch. 
Contraction  of  area,  29.5  per  cent 

Appearance  of  fracture,  nbrous,  trace  of  granulation.     Fractured 
outsioe  the  6-inch  gauged  length. 
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WBOUOHT  IBON. 
No.  7480. 


Burden's  Best  Iron. 

Heated  full  yellow  and  cooled  in  air. 

Diameter,  ".797. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set 

Poundt. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
84,000 
85,000 
81,000 
80,000 

Inches. 
0. 
.0010 
.0020 
.0081 
.0042 
.0053 
.0068 
.0071 
.0078 
.0180 
.02flO 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 
Ehuftic  limit. 

Tensile  strength. 
=  28.7  per  cent. 



31,000              .0850 

82,000 
88,000 
84,000 
36,000 
88,000 
40,000 
42,000 
44,000 
46.000 
48,000 
60,000 
60,120 
0 

.1260 

.1540 
.1660 
.21 
.26 
.80 
.87 
.45 
.57 
.75 
1.14 

.1667 



1.72 



Elongation  of  inch  sections,  ".19,  ".23,  ".46*,  ".43*, 
Diameter  at  fracture,  ".56;  area,  .2376  square  inch. 
Contraction  of  area,  52.5  per  cent. 
Appearance  of  fracture,  fine  fibrous. 


.21,  ".20. 


WBOUGHT  IRON. 

No.  7481. 

Burden's  Best  Iron. 

Heated  full  yellow  and  quenched  in  oil. 

Diameter,  ".795. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 
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Applied 

loads  per 

square 

inch. 

Elonga- 
tion, 

Set. 

1 

Pounds. 
1,000 
5,000 
10.000 
15,000 
20,000 
25,000 
30.000 
35,000 
36,000 
87.000 
38,000 
89,000 
40,000 
41.000 
42,000 
43,000 
44,000 
45,000 
46,000 
48,000 
50,000 
52.000 
54,000 
56,000 
58,000 
60,000 
61,360 
0 

Inches. 
0. 

.0006 
.0017 
.0026 
.0066 
.0049 
.0061 
.0076 
.0061 
.0068 
.0104 
.0150 
.0618 
.0680 
.0810 
.0925 
.1090 
.1200 
.14 
.18 
.22 
.26 
.31 
.89 
.48 
.67 
.96 
1.20 

Inch. 

8: 

0. 
0. 
0. 
0. 
0. 
.0003 

Initial  loa<l. 
Elastic  limit. 

.0424 

Aws 

Tensile  strength. 

=  20  per  cent. 

Remarks. 


Elongation  of  inch  sections:  ".17,  ".13,  ".11,  ".14,  ".19,  ".40* 
Diameter  at  fracture,  ".57;  area,  .2552  square  inch. 
Contraction  of  area,  49  per  cent. 
Appearance  of  fracture,  fine  fibrous. 
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WKOUOflT   IRON. 


No.  7482. 
Burden's  Best  Iron. 

Heated  full  vellow  and  quenched  in  water. 
Diameter,  ".796. 
Sectional  area,  .60  square  inch. 
Length  of  stem,  7". 
Gauged  length,  6". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10.000 
15,000 
20,000 
25,000 
26,000 
27,000 
28,000 
29,000 
80,000 
81,000 
32.000 
33.000 
84,000 
86,000 
36,000 
87,000 
88,000 
39,000 
40,000 
41.000 
42,000 

Inch. 

0. 

.0009 
.0021 
.0085 
.0048 
.0062 
.0066 
.0070 
.0072 
.0077 
.OdBO 
.0085 
.0090 
.0098 
.0100 
.0106 
.0114 
.0122 
.0182 
.0150 
.0172 
.0190 
.0220 

Inch. 

0. 

0. 

0. 

.0001 
.0001 
.0008 

Initial  loiul. 

Tensile  ntrength. 
=15.8  per  cent. 

.0014 

.0030 

.0088 

43.000              .0261 
44,000    ,          .0418 
45,000              .0473 
46,000              .0550 
47,000    i          .0642 
48,000    ,          .0740 
49, 000              .  0S49 

.0370 

50,000    1          .0980 
51, 000    '          .  1023 

.0860 

52, 000              . 1288 

53, 000    {          . 1858 

54,000              -l/t90 

55,000 
56,000 

.1780 
.19 

.1637 

57,000 
58,000 
60,000 
62,000 

.22 
.25 
.80 

.S7 

64,000              .45 
65,000              .51 
66,000              .62 
66,280    1          .70 

0              .95 

Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".10,  ".17,  ".42*,  ".10,  ".08,  .08" 

Diameter  at  fracture,  ".57;  area,  .2552  square  inch. 

Contraction  of  area,  49  per  cent. 

Appearance  of  fracture,  fine  fibrous. 


WROUGHT   IRON. 

No.  7483. 
Norway  Iron. 

Heatea  full  yellow  and  cooled  in  the  air. 
Diameter,  ".792. 
Sectional  area,  .50  square  inch. 
Length  of  stem,  7". 
Gauged  length,  6". 
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Applied 

loads  per 

square 

inch. 


POHfUU, 

1,000 
6,000 
10,000 
16,000 
18,000 
19,000 
20,000 
21,000 
20.000 
21,000 
22,000 
28,000 
24,000 
26,000 
26,000 
27,000 
28,000 
29,000 
30,000 
81.000 
82,000 
88.000 
84,000 
85.000 
86.000 
87,000 
88,000 
89,000 
40.000 
41.000 
42.000 
42.400 


In  gauflred  length. 


Elonga- 
tion. 


Inehet. 
0. 

.0008 
.0018 
.0028 
.0088 
.0086 
.0040 
.0170 
.0270 
.0600 
.0785 
.1860 
.1511 
.1618 
.1521 
.2080 
.2380 
.2550 
.2900 
.80 


.48 

.48 

.48+ 

.58 

.65 

.78 

.88 
1.00 
1.28 


Bet. 


Remarks. 


Inch. 

0. 
0. 
0. 
0. 


.0002 


Initial  load. 


EloMtic  limit. 


.2825 


SuKtalned  load  8  minutes. 


2.22 


nested  5  minutes  under  load  of  1 ,000  pounds  per  square  i  nch. 


Tensile  strength. 
=  87  per  cent. 


Elongation  of  inch  sections,  ".31,  ".79»,  ".36,  ".27,  ".25,  ".24. 

Minimum  diameter,  ".41;  area,  .1320  square  inch. 

Contraction  of  area,  73.6  per  cent. 

Bar  not  fractured.  Test  aiscontinued  before  rupture.  Load  on  bar 
when  test  was  discontinued,  13,000  pounds  total =98,480  pounds  per 
square  inch. 
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WROUGHT   IRON. 


No.  7484. 

Norway-  Iron. 

Heated  full  yellow  and  quenched  in  oil. 

Diameter,  ".797. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 


Applied 

square 
inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
16,000 
18,000 
19,000 

20,000 

21,000 
22,000 
28,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
82,000 
38,000 
84,000 
86,000 
38.000 
40,000 
42,000 
43,000 
44,000 
44,240 
0 

Inches. 
0. 

.0010 
.0021 
.0031 
.0039 
.0042 
f        .0050 
t        .0083 
.-0179 
.0635 
.0776 
.0900 
.1070 
.1165 
.1450 
.1469 
.1850 
.2100 
.24 
.27 
.80 
.84 
.42 
.50 
.64 
.88 
1.00 
1.27 
1.70 
2.21 

Inch. 

0. 

0. 

0. 

0- 

Initial  load. 
Ela.stic  limit 

Rested  5  minutes  under  load  of  1,000  pounds  per  square 
inch. 

Tensile  strength. 
=  36.8  per  cent. 

.0040 

.1013 

.1388 

.2038 

Elongation  of  inch  sections,  ".77*,  ".35,  ".26,  ".27,  ".29, 
Diameter  at  fracture,  ".39;  area,  .1195  square  inch. 
Contraction  of  area,  76. 1  per  cent. 
Appearance  of  fracture,  iibrous. 


.27. 


WBOUGHT   IKON. 
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No.  7485. 
Nonyay  Iron. 

Heated  full  yellow  and  quenched  in  water. 
Diameter,  ".796. 
Sectional  area,  .50  square  inch. 
Length  of  stem,  7". 
Gauged  length,  6". 


Applied 

loads  per 

Bqoare 

inch. 


Pounds. 
1,000 
5.000 
10.000 
16,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29.000 
30,000 
81.000 
32,000 
38,000 
84,000 
36,000 
38,000 
40,000 
42.000 
44,000 
46,000 
46,800 
0 


In  gauged  length. 


Elonga- 
tion. 


Inches. 

0. 

.0006 
.0016 
.0029 
.0082 
.0087 
.0045 
.0051 
.0061 
.0075 
.0106 
.0170 
.0485 
.0640 
.0648 
.0680 
.1060 
.1158 
.1480 
.1600 
.1900 
.21 
.25 
.81 
.38 
.47 
.60 
.76 

1.19 


2.12 


Set. 


Inch. 
0. 
0. 
0. 
.0002 


.0020 


.05b8 


.1362 


RemarkR. 


Initial  load. 


Rested  6  minutes  under  load  of  1 ,000  poundH  per  square  inch. 


Tensile  strength. 
=  35.8  per  cent. 


Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".26,  ".24,  ".25,  ".68»,  ".43,  ".26. 

Diameter  at  fracture,  ".39;  area,  .1195  square  inch. 

Contraction  of  area,  76.1  per  cent. 

Appearance  of  fracture,  fibrous. 
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WBOUGHT  IBON. 
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WROUGHT  IRON. 

Third  Series. 
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Strength  and  Elongation  of  Wrought  Iron  Bars  Before  and 

After  Treatment. 

Rolled  bars  If  inches  diameter  treated  and  then  turned  down  to 
size  of  specimens. 

Best  Puddled  Iron. 

No.  7534. 

Specimen  in  natural  state  from  rolled  bar. 

Diameter,  1".129. 

Sectional  area,  1  square  inch. 

Length  of  stem,  22". 

Gauged  length,  20". 


Applied 

square 
inch. 

In  gauged  length. 

Remarks. 

tion. 

Set. 

Pounds. 

1,000 

5,000 

1       10,000 

1       15,000 

20,000 

25,000 

26,000 

Indus, 
0. 

.0062 
.0068 
.0104 
.0142 
.0182 
.0191 
.0202 
.0213 
.0224 
.0235 
.0250 
.0266 
.0285 
.0312 
.0722 
.1070 
.1595 

Inch. 

0. 

0. 

.0001 
.0001 
.0002 
.0007 

Initial  load. 

27,000 

28.000 

29,000 
90,000 
81.000 
32,000 
33,000 

.0025 

ElaMtlc  limit.    Not  well  defined. 

1        84,000 

1        35,000 
36,000 

.0465 

87,000 
84,000 
88,000 
89,000 
40,000 
41,000 
42,000 
43,000 
.44,000 
"46,000 
46.000 
47,000 
48,000 
49,000 
50,000 
61.000  . 
52,000 
53,000 
64.000 
0 

Rested  under  load  l.'i  minutes. 

.i6 

.19 

.24 

.27 

.83 

.89 

.48 

.57 

.66 

.75 

.88 

1.02 

1.17 

1.30 

1.52 

1.78 

2.11 

2.18 

Tensile  strength.                                                          * 
— 10. 9  per  cent. 

Elongation  of  inch  sections,  ".10,  ".10,  ".10,  ".11,  ".10,  ".10,  ".11, 
".10,  ".10,  ".10,  ".11,  ".10,  ".12,  ".20»,  ".11,  ".10,  Ml,  ".10,  ".11, 
MO. 

Diameter  at  fracture,  1".04;  area,  .8496  square  inch. 

Contraction  of  area,  15  per  cent. 

Fractured  8".  3  from  the  neck. 

Appearance,  fibrous  80  per  cent,  granular  20  per  cent. 
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WROUGHT   IKON. 


No.  7535. 


Specimen  heated  full  yellow  and  cooled  in  air. 

Diameter,  l'M29. 

Sectional  area,  1  square  inch. 

Length  of  stem,  22". 

Gauged  length,  20". 


Applied 

loaoBper 

square 

inch. 


Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
81,000 
82,000 
38,000 
34,000 
85,000 
86,000 
87,000 
38,000 
39,000 
40,000 
41,000 
42,000 
48,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
60,000 
51,000 
51,800 
0 


In  gauged  length. 


Elonga- 
tion. 


Inches. 
0. 

.0030 
.0068 
.0102 
.0141 
.0186 
.0200 
.0216 
.0280 
.0242 
.0280 
.03?2 
.0680 
.0948 
.1200 
.1510 
.18 
.21 
.26 


.45 

.55 

.60 

.69 

.79 

.90 

1.00 

1.11 

1.30 

1.46 

1.67 


Set. 


Inch. 

0. 

0. 

0. 

0. 

.0001 
.0010 


.1238 


Remarks. 


Initial  load. 


ElasUc  limit. 


Tensile  strength. 
^  9.4  per  cent. 


Elongation  of  inch  sections,  ".08,  ".08,  ".08,  ".08,  ".08,  ".09,  ".09, 
".08,  ".09,  ".09,  ".10,  ".08,  ".09,  ".09,  ".11,  ".11,  ".20*  ".08,  ".10,  ".08. 
Diameter  at  fracture,  1".03;  area,  .8332  square  inch. 
Contraction  of  area,  16.7  per  cent. 
Fractured  5".  25  from  the  neck. 
Appearance,  fibrous  60  per  cent,  granular  40  per  cent. 


WBOUGHT   IBON. 

No.  7536. 

Specimen  heated  full  yellow  and  (luenched  in  brine. 

Diameter,  1".129. 

Sectional  area,  1  Hquare  inch. 

Length  of  stem,  22". 

Gauged  length,  20". 


191 


Applied 

loads  per 

square 

Inch. 


1,000 
6,000 
10,000 
15,000 
20,000 
21,000 
22.000 
28,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
81,000 
82.000 
83,000 
34,000 
85,000 
86,000 
87,000 
88,000 
89,000 
40,000 
41,000 
42,000 
48.000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
60,000 
61,000 
62,000 
68,000 
54,000 
0 


In  gauged  length. 


Elonga- 
tion. 


India, 
0. 

.0060 
.0068 
.0107 
.0147 
.0158 
.0169 
.0179 
.0190 
.0209 
.0220 
.0238 
.0250 
.0266 
.0290 
.0310 
.0830 
.0350 
.0390 
.0440 
.0485 
.0668 


.1120 
.12 
.15 
.18 
.22 
.26 
.29 
.34 
.39 
.44 
.bi 
.59 
.73 
1.M 


Set. 


Inch. 
0. 
0. 
0. 
0. 
.0001 


Remarks. 


Initial  load. 


.0020    I 


Elastic  limit.    Mot  well  defined. 


.0179 


.0806 


Tensile  strength. 
=  6.6  per  cent. 


Elongation  of  inch  sections,  ".07,  ".07,  ".06,  ".07,  ".07,  ".07,  ".07, 
.06,  ".06,  ".07,  ".06,  ".07,  ".06,  ".06,  ".07,  ".06,  ".05,  ".05,  ".07, 
.11*. 

Diameter  at  fracture,  1".07;  area,  .8992  square  inch. 

Contraction  of  area,  10.1  percent. 

Fractured  1".34  from  the  neck. 

Appearance,  granular  60  per  cent,  fibrous  40  per  cent. 
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WBOUGHT   IRON. 


No.  7537. 

Heated  full  yellow  and  quenched  in  oil. 

Diameter,  l'M29. 

Sectional  area,  1  square  inch. 

Length  of  stem,  22". 

Gauged  length,  20". 


Applied 

loads  per 

square 

inch. 

In  ganged  length. 

1 

Elonga- 
tion. 

Set. 

Remarks.  * 

PouruU. 
1,000 
5.000 
10,000 
15,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26.000 
27,000 
28,000 
29,000 
30,000 
31,000 
82,000 
83,000 
34,000 
35,000 
36,000 
37,000 
88,000 
39,000 
40,000 
42,000 
44,000 
46,000 

Inch. 

0. 
.0030 
.0068 
.0104 
.0149 
.0160 
.0170 
.0180 
.0190 
.0201 
.0219 
.0236 
.0247 
.0261 
.0282 
.0307 
.0335 
.0408 
.0460 
.0540 
.0732 
.1020 
.1340 
.1791 
.2129 
.28 
.37 
.ft2 

Inch. 
0. 
0. 
0. 
0. 
.0005 

Initial  load. 
Elastic  limit.    Not  well  defined. 

Tensile  strength. 
--  4.2  per  cent. 

.*6624"' 

.0065 

.0278 

.1803 

48, 000    .          -  73 

48.100 

0 

.84 

Elongation  of  inch  sections,  ".04,  ".03,  ".04,  ".03,  ".04,  ".04,  ".04, 
".03,  ".03,  ".03,  ".04,  ".04,  ".04,  ".04,  ".03,  ".04,  ".04,  ".03,  ".05, 
".14*. 

Diameter  at  fracture,  1".07;  area,  .8992  square  inch. 

Contraction  of  area,  10.1  per  cent. 

Fractured  r'.25  from  the  neck. 

Appearance,  granular  60  per  cent,  fibrous  40  per  cent. 


WROUGHT   IRON. 
No.  7538. 
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Heated  full  yellow,  quenched  in  brine,  reheated  aa  before  and  cooled 
in  the  air. 
Diameter,  1".129. 
Sectional  area,  1  square  inch. 
Length  of  stem,  22". 
Gauged  length,  20". 


Applied 

loada  per 

square 

inch. 

In  gauged  length. 

Remarkii. 

Elonga- 
tion. 

Set. 

Pounds. 
1.000 
5,000 
10,000 
15,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26.000 
27,000 
28,000 
29,000 
30.000 
31.000 
32,000 
83.000 
34,000 
85.000 
86.000 
88,000 
40,000 
42,000 
44,000 
46,000 
48,000 
60,000 
52,000 
58.100 
0 

Inches. 

0. 

.0031 
.0069 
.0108 
.0142 
.0160 
.0160 
.0170 
.0180 
.0191 
.0203 
.0218 
.0231 
.0251 
.0288 
.0328 
.0510 
.0832 
.J086 
.1390 
.17 
.27 
.41 
.55 
.71 
.89 

1.12 

1.43 

1.83 

Inch. 
0. 
0. 
0. 
0. 
.0001 



Initial  load. 

Elastic  limit.    Not  well  defined. 

.0016 

.0078 

.1119 

TcnHile  Htrength. 

1.99 

=3  9.9  per  cent. 

Elongations  of  inch  sections,  ".10,  ".08,  ".10,  ".09,  ".09,  ".10,  ".10, 
".09,  ".09,  ".09,  ".09,  ".09,  ".09,  ".09,  ".09,  ".10,  ".08,  ".10,  ".12,  ".21*. 
Diameter  at  fracture,  1".03;  area,  .8332  square  inch. 
Contraction  of  area,  16.7  per  cent. 
Fractured  2".  28  from  the  neck. 
Appearance,  granular  30  per  cent,  fibrous  70  per  cent. 

H.  Doc.  335 13 
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WROUGHT  IRON. 

No.  7539. 


Heated  full  yellow,  quenched  in  oil,  reheated  and  cooled  in  air. 

Diameter,  1".129. 

Sectional  area,  1  square  inch. 

Length  of  stem,  22". 

Gauged  length,  20". 


Apdlied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

set. 

Poundi. 
1.000 
5,000 
10,000 
15,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
80,000 
81,000 
82,000 
88,000 
84,000 
85,000 
86,000 
88,000 
40,000 
42,000 
44,000 
46,000 
48,000 
60,000 
52,000 
58,800 
0 

Inches. 

0. 

.0080 
.0067 
.0104 
.0140 
.0148 
.0156 
.0165 
.0178 
.0181 
.0198 
.0204 
.0218 
.0234 
.0266 
.0359 
.0534 
.0608 
.0940 
.1235 
.14 
.20 
.81 
.44 
.58 
.77 
.99 

1.26 

1.64 

Inch. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 

.0004 

Elastic  limit.    Not  well  defined. 

.0060 

1 

.0968 

1 

1 

1 

1 

' 

Tensile  strength. 

2.18 

=  10.7  per  cent. 

i 

Elongation  of  inch  sections,  ".12,  ".11,  ".10,  ".10,  ".09,  ".10,  ".10, 
".09^  ".09,  ".09,  ".10,  ".10,  ".10,  ".11,  ".12,  ".11,  ".12,  ".12,  ".13,  ".13. 

Diameter  at  fracture,  1".01;  area,  .8012  square  inch. 

Contraction  of  area,  19.9  per  cent. 

Fractured  1".25  from  the  neck. 

Appearance,  fibrous  60  per  cent,  ^anular  40  per  cent.  Fractured 
outside  the  gauged  length.  Elongation  ".21  on  the  inch  section  which 
fractured. 
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WBOUOHT  lEON. 
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CARBON  AND  NICKEL  STEEL  INGOTS. 
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J 


CABBON    ANI>   NICKEL  STEEL  INGOTS.  199 


CABBOH  AVD  HICKBL  8TEBL  INGOTS. 

Ingots  Cut  up  for  Examination,  and  Material  for  Tensile  and 
Endurance  Tests  Taken  Therefrom. 

chemical  analyses. 

Carbon  steel  ingot: 

Carbon 20 

Manganese 58 

Silicon 016 

Phoephorus 01 7 

Nickel  steel  ingot: 

Carbon 17 

Manganese 68 

Silicon 016 

Phoephorus 010 

Nickel 3.25 
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CARBON   AND   NICKEL   STEEL   INOOTS. 


No.  1.— 16"  X  18"  Carbon  Steel  Ingot. 

Showing  manner  of  cutting  up  for  examination. 


s 


))i^ 


^ 


1. 


A. 


JZ^y 


T'X^ 


SB^ 


h 


-^v 


'^ 


5    ^ 


% 
^ 


Vi 


JB^ 


CARBON    AND    NICKEL    STEEL    INGOTS. 

No.  2. — 10"  X  18"  Carbon  Steel  Ingot. 
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Slab  2.^Tension  tests. 


$ 
^ 

^ 


•^i 


m 


ffl 


-^: 


77^ 


«^ 


^ 


^ 

f' 
^ 


Slab  3.— Endurance  testa. 


^ 

N^ 


^ 


0 


^ 


^ 
^ 

^ 


I  I  I  I  I  I  I 


I   I  M   I   I 


Metal  tested  in  the  natural  state  and  after  healing  and  quenching. 
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CARBON    AND   NICKEL  STEEL   INGOTS. 


^ 
^ 


No.  3.— 10"  X  18"  Nickel  Steel  Ingot. 

Showing  manner  of  cutting  up  for  examination. 


H 


^^ 


^    :r^ 


\    ^^ 


S 


u 


uu 


'*\ 


*5 


\  .  . 

J 

%    ::S7^ 


^ 


:b/ 


CARBON    AND   NIOK£L   STEEL   INGOT8. 

No.  4.— 16"  X  18"  Nickel  Steel  Ingot. 
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Slab  2.— Tension  testa. 


$ 

t 


K^ 


.iz. 


^^ 


^ 


^ 


\ 


Slab  8.— Endurance  tests. 


0) 


^ 


\ 


^ 


1 1 1 [i 1 1  1 1 1 1 1 1 

Metal  tested  in  the  natural  state  and  after  heating  and  qoenching. 


204 


CARBON    AND   NICKEL   STEEL   INGOTS. 

No.  5.— 16"  X  18"  Steel  Ingots. 

Showing  manner  of  cutting  up  for  examinaticn. 
Carbon  steel,  block  B  4. 


■1 

^ 

CC 

^ 

ye. 

,  Tensile  specimens  (2)  piece  a. 


nn 


Bending  specimen  from  h. 


na 


-f-     ZrS.VS 


Nlpkel  ntccl,  block  T  3. 


OL 


Piwe  a  before  forging. 


After  forging. 


<^Cf^3J 


After  machining. 


D 


BLO'^K   B1      ^'   ir.CH   FROM    T^E   BOTTOM. 


Hfl'OTVPF    CO..    BOSTON. 


2r     •i' 


*     a 


>   » 


^    /\ 


f.i 


MJF     ^         .  *        •    *  ^  \      ^*         *     ^^ 


-w    .  •       * 


•    %  ^ 


«         * 

■■'' 


.«       < 


,^      ,.)..        ''  .•••-        ^      -^        '^ 


A,»»MV-.Vi^^^*^'.'V'^'..>  '^M'-  ^^' 


NO.    7. 
CARBOrj    SI  EEL    IWGOT. 


/  ^  -^ 


*       V* 


4   -'^ 


ffliii^-^U'"  -  \Ai»*J 


CARBON   SieEL  INGOT,  6100*^   B3.         9    1 -2   ,NrH(-S   FROM    ^Hf.   BOTTOM. 


Hf.  v-T  •  pr   ca.,   B  ^-^'ov. 


!■  .  i^-* 


«\- 


9    4 


*'</i^u.^^.:.''>^»<..^'»«\. 


NO.  9. 
CARBON  STEEL  INGOT.  BlO(,K  84.    lb  1-2  INTHES  FROM  The  BOI^oM. 


HEL'OT-.  Pt  CC.  B05Tr^ 


u*i 


f     V 


rf 


•> 


.,.*■ 


'li     .  .» 


I 


\0.   '0. 
Ca-4:n   S'FtL  .NGO',   e.^OCt<    bS.         23   '2    ir.T^'tS   f^hOV   THE   BOTTOM. 


Hf  io-^\or    CO.. 


1 


NO.    1  1  . 

CARBON   STLtl     iNoOT. 

LO^^'JlTUDl^iAL   ^^fllON,   M  L-D:  F    op    Lt'NCTh   C^r  INGOT. 


'i 


NO.   12. 
CAP^UON    STf-r-L    :K!G')T 
fll'.OCK    T2.     2    I^C^FS   PROM    THE-. 


NO.  ':^. 

Nl'-i'hl     '"LEI     'N'.f^'^,   BLf^CK   31.     1-2   INCH    FFvOM   THL    KOITOM. 


NO.  :4. 

NICKEL  STEEL  INGOT. 
BLOCK   R2.     7^4   INCHES   TROM    THE   BOTTOM. 


NO.    15. 

NICKFL  STEEL  INGOT. 

LONGITUDINAL   SECTION,  MIDOl  f£    UF   lENGTH   OF  IN(;OT. 


BLOCK    14.     '.8''    INCHti.   Ft-^OM    THf   TC^.P. 


Hr..v':Nnt    r-).,   p.-'^-on. 


d 


^* 


NO.    1  V. 
NICKEL  S^EiEL  INGOT,   BLOCK    T3.  11    I-/:   l\<"Mtf.S   Ff-'O*,'   THL    ^I'FL 


tLK:"^'»'»E     CO..     BOS'^ON. 


r.'CKEL   SrtbL   INCiCyT. 
BLOCK    i;:.     A'a    INCHED.   TROM   THE   ICf. 


NO.   10. 

N.Cr  EL    STEEL  INGOT. 

BLOCK   T1      S'    INCH   FROM    THE    ^QP. 


>i^f    ro.      posToN. 


O     UJ 

z     »- 


o 
o 

z 


2 
O 


o 

z 


I 


o 
o 


o 

00 


tjnilf 


o 

z 


o 


Pt-O'OM  CROG^AP-",   CAMbON    ^"Cr.i_   ING(>".      LONGITUDINAL   SECTION 

2h    'N.   FROM    BO""TC)M    Of   INC,Or,    1    1-4   IN.   FROM   fnGT. 

MAGNIFICATION    5    O-AM  i^'l  f- KS. 


CAPdON    S'LEl      NoO'. 
PMG'OV'Cf^OoDAPH,   12     NCHES    FROM    ^  OP   OF   .NGO"^.  4 '-i     NC^ES    f^POM 
LONG.^U:   NA^    SECT  ON.      MAGN  it^'CALON    5    LiAVE'EkS. 


Hf.iOTvP{     CO   .    BO«<TOh 


CARBON   STEcL   INGOT. 

PHnT(;MICROGRAPH,   '2   iSCnb.S   FROM   TOP  OF  INGOT,  AI    tDGh   01-   ChNIKAl    CAVITN 

2'-^   INCHES   niAME  TEf^     lONGITUiMNAI     SFCTION.     MAGNirifATION   f^   HIAMEIPh'S. 


C.lyri.    ro.,    OOSTCN 


^■.iBSi^ 


PHOrOMICRCGRAPH   OF  bTEM   OF   TENS,LE   S^^ECiMEN   C2-A,   NO.   7^>h8,  CROSS   SECTION, 

CARBON   STEEL  INGC  .     MAGNiF. CATION    >■) '<   DIAMErFRS. 

STEEl     ;N    rjA^URAI.   FTATF.      THRFfc    VibWS,    1. 


>t    "-p..    80«lTON. 


CPCGPAPh  or   s^rv  OF   'ENSiuE   S^^EC'VEN  C:'-A,  NO.    'Th,  CROSS  ^EC^'')S. 
CARBON   S'EEL   /vGO'^.      VA(_,N'r;C  AT  ON   5*".   DAME^ERS. 
S'EEL     IN    NA'L^-A,     S^A^t.       'hREE    ^   f  AS,    T. 


'^p.' 


^^--|.  'CAiiC  •OGmAPm  ,_  p  <.-:  •/  ,.r    -f,-js  _  [.    .  (..  r  m,.'j  c/- 


CARBON    AND    NICKEL   STEEL   INGOTS. 

Metal  from  C'arbon  Steel  Ingot,  Slab  No.  2. 

No.  7568. 

Longitudinal  specimen. 

Natural  state. 

Marks,  C2-A. 

Diameter,  ".564. 

Sectional  area,  .25  scjuare  inch. 

Gauged  length,  3". 
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1 

Applied 
loaaa  per 

Bquare 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Poundt, 
1,000 
5,000 
10,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
22,000 
24,000 
26,000 
28,000 

Inch, 

0. 

.0004 
.0010 
.0018 
.0020 
.0022 
.0080 
.0041 
.0065 
.0099 
.0160 
.0222 

Inch. 
0. 
0. 
0. 
.0001 

Initial  load. 
Elastic  limit 

Tensile  strength. 
» 15  per  cent. 

.6646 

90,000              .0686 
32,000    ,          .0476 
34,000              .0663 
36,000    '          .0670 
38,000    '          .0810 
40,000    .          .0960 
42.000              .11 
44,000    :          .14 
46,000              .16 
48, 000    '          -  IK 

.0347 

.0«94 

60.000 
62,000 
64,000 
54,880 
0 

.22 
.27 
.85 

.45 

Elongation  of  inch  sections,  ".13,  ".13,  ".19*. 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 
Fractured  ".50  from  the  neck. 
Appearance,  dull,  amorphous,  oblique. 
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CARBON    AND    NICKEL    STEEL   INGOTS. 
No.  7669. 


Longitudinal  specimen. 

Natural  state. 

Marks,  C2-D. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 
loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10.000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
22,000 
24,000 
26,000 
28,000 
30,000 
32,000 
34,000 
36,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
58.  L20 

Inch. 

0. 

.0005 
.0011 
.0019 
.0028 
.0080 
.0043 
.0056 
.0075 
.0119 
.0183 
.0258 
.0332 
.0428 
.0520 
.0638 
.0760 
.0891 
.1069 
.18 
.15 
.18 
.21 
.26 
.33 

Inch. 
0. 
0. 
0. 
.0001 

Initial  load. 
Elastic  limit. 

Tensile  strengUi. 
==14.3  per  cent. 

.0061 

.0889 

.1012 

'     0 

.43 

Elongation  of  inch  sections,  ".13,  ".18,  ".17*. 
Diameter  at  fi-acture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 
Fmctured  ".50  from  the  neck. 
Appearance,  coarse  gi'anular,  silvery  luster. 


CABBON    AND   NICKEL    STEEL   INGOTS. 
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No.  7570. 


Longitudinal  .specimen. 

Natural  state. 

Marks,  C2-F. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loaasper 

square 

inch. 


Poundg. 
1,000 
5,000 
10,000 
15,000 
16,000 
17,000 
18.000 
19,000 
20,000 
22,000 
24,000 
26,000 
28,000 
80,000 
82.000 
84,000 
86,000 
88,000 
40,000 
42.000 
44,000 
46.000 
47,600 
0 


In  gauged  length. 


£longa- 
Uon. 


Inch. 
0. 
.0006 

.0011 

.0019 

.0020 

.0028 

.0041 

.0058 

.0086 

.0135 

.0196 

.0280 

.0860 

.0460 

.06 

.08 

.09 

.10 

.12 

.14 

.17 

.20 


.31 


Remarks. 


Inch. 

0.  Initial  load. 

0. 
0. 
.0001 

Klastic  limiL 


.0061 


.0421 


Tensile  Ktrength. 
=10.3  per  cent. 


Defective  specimen,  spongy. 

Elongation  of  inch  sections,  ".08,  ".15*,  ".08. 

Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 

Contraction  of  area,  24.6  per  cent. 

Fractured  at  the  middle  of  the  stem. 

Appearance,  dull,  amorphous,  oblique. 
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GABBON    AND    NJCKEL   STEEL   INGOTS. 
No.  7571. 


Transverse  specimen. 

Natural  state. 

Marks,  C2-H. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3".    , 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
22,000 
24,000 
26,000 
28,000 
80,000 
82,000 
84,000 

Inch. 

0. 
.0004 
.0010 
.0019 
.0020 
.0028 
.0039 
.0050 
.0069 
.0120 
.0180 
,0252 
.0328 
.0422 

.a5ii 

ttROQ 

Inch. 

0. 

0. 

0. 

0. 

Initial  load. 
ElaKtic  limit. 

Tensile  strength. 
=  13.3  per  cent. 

.0048 

.0382 

86,000              .0750 
38,000              .0888 
40,000              .1049 
42,000    1          .13 
44,000    1          .K) 
46,000              .17 
48,000              .'20 
50,000              .'25 
52  000    1            '^ 

.0992 

52,800 

0 

.40 

Elongation  of  inch  sections,  'Ml,  ".11,  '.18*. 

Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 

Contraction  of  area,  21.4  per  cent. 

Fractured  ".30  from  the  neck. 

Appearance,  dull,  amorphous,  in  part  granular. 


CABBON    AND   NICKEL   STEEL   INGOTS. 

No.  7572. 
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Transverse  specimen. 

Natural  state. 

Marks,  C2-K. 

Diameter,  ".664. 

Sectional  area,  .25  .square  inch. 

Gauged  length,  3". 


Applied    I 
louas  per 
Hqiiarc 
inch. 


In  Kaoged  length. 


I\mnds. 
1,000 
6,000 
10,000 
15,000 
16,000 
17,000 
18,000 
19.000 
20,000 
22,000 
24,000 
26,000 
28,000 
80,000 
82,000 
84,000 
86,000 
88,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
62.000 
64,000' 
54,400 
0 


Elonga- 
tion. 


Inch. 
0. 


8€t. 


Inch. 

0. 

0. 


.0009 
.0014 
.0020 

0. 
0. 

.0027 

.0039 

.0050 

.0071 
.0128 

.0049 

.0185 

.0260 

.0386 

.0440 

.0665 

.0688 

.0755 

.0912 

.1072 

.18 

.16 

.17 

.20 

.26 

.80 

.89 

.0408 

.1018 

.46 

Remarks. 

• 

ItiiUal  load. 

Elastic  limit. 

1  ensile  Htrcngth. 
^  15.3  per  cent. 

Elongation  of  inch  sections,  ".13,  ".20*,  ".18. 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  eent. 
Fractured  1".3  from  the  neck. 
Appearance,  coarse  granular. 

H.  Doc.  335 14 
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CABBON   AND   NICKEL   6TEEL   INGOTS. 

No.  7673. 


Longitudinal  specimen. 

Natural  state. 

Marks,  C2.M. 

Diameter,  ".564. 

Sectional  area,  .2.5  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

sqnare 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Inch. 

0. 

0. 

0. 

0. 

Remarks. 

Pounds, 
1,000 
6.000 
10,000 
16.000 
16.000 

Inch. 

0. 

.0008 
.0009 
.0016 
.0018 

Initial  load. 
Elastic  limit 

17,000              .0029 
18,000    ,          .0039 
19,000              .0060 
20,000              .0070 
22,000              .0118 
24,000              .0180 
26.000              .0250 
28,000              .0890 
80,000              .0425 
82,000              .0519 

Tenrile  strength. 
=  17  per  cent 

.0048 

.0887 

84,000              .0689 

86,000    1          .0773 
88,000    j          .0905 



40,000    1          .1093 
42,000              .18 

.1086 

44,000              .16 

46,000              .18 

48,000 
60,000 
52,000 
54,000 
0 

.22 
.26 
.88 
.46 
.51 

Elongation  of  inch  sections,  ".18*,  ".18,  ".16. 

Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 

Contraction  of  area,  24.6  per  cent. 

Fractured  1".14:  from  the  neck. 

Appearance,  dull,  amorphous,  in  part  granular. 


CARBON    AND    NICKEL   STEEL   INQOTS. 
No.  7574. 
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Lon(|^tudinal  specimen. 

Natural  state. 

Marks,  C2-P. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauffed  leng^th,  3". 


Applied 

loaasper 

square 

Inch. 


Pounds. 
1,000 
5,000 
10,000 
15,000 
16,000 
17.000 
18,000 
19,000 
20,000 
22,000 
24,000 
25,000 
28.000 
80,000 
82,000 
84,000 
86,000 
88.000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
58,400 
0 


In  gauged  length. 


Elonga- 
tion. 


Jneh. 

0. 

.0004 
.0010 
.0019 
.0026 
.0081 
.0041 
.0068 
.0078 
.0120 
.0195 
.0273 
.0848 
.0429 
.0560 
.0648 
.0770 
.0919 
.1078 
.18 
.15 
.18 
.21 
.25 
.81 


Set. 


Remarks. 


.0062 


.0890 


.1020 


.45 


Initial  load. 


Elastic  limit 


Tensile  strength. 
=  15  per  cent 


Elongation  of  inch  sections,  'Ml,  ".12,  ".22*. 
Diameter  at  fracture,  ".48;  area,  .1810  square  inch. 
Contraction  of  area,  27.6  i)er  cent. 
Fractured,  ".25  from  the  neck. 
Appearance,  dull  amorphous,  oblique. 


212 


OABBON   AND   NIGKKL   STEEL   IKGOTS. 


No.  7675. 


Longitudinal  specimen. 

Natural  state. 

Marks,  C2-R. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


AppUed 

loads  per 

sqnare 

fnch. 

In  gan^red  length. 

Remarks. 

Elonga- 
tion. 

Set 

PoUncU. 
1,000 
5,000 
10,000 
16,00C 
16,000 
17,000 
18,000 
19,000 
20,000 
22,000 
24,000 
26,000 

Inch, 

0. 

.0004 
.OOU 
.0018 
.0020 
.0021 
.0028 
.0089 
.0069 
.0100 
.0170 
.0288 

Inch. 
0. 
0. 
0. 
.0001 

Initial  load. 
ElasUc  limit. 

Tensile  strength. 
=  15.8  per  cent 

.0067 

28,000              -0022 

80.000 
82,000 
84,000 
36,000 
38,000 
40.000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
55,280 
0 

.0402 

.0600 

.0606 

.0710 

.0645 

.0080 

.12 

.14 

.16 

.19 

.22 

.27 

.88 

.0368 

.0929 

.46 

Defective  specimen,  spongy. 

Elongation  of  inch  sections,  ".18,  ".20*,  ".13. 

Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 

Contraction  of  area,  21.4  per  cent. 

Fractured  1".5  from  the  neck. 

Appearance,  dull,  amorphous,  trace  of  granulation. 


OABBON   AMD  NICKEL  8TBEL   INGOTS. 

No.  7679. 

Longitudinal  specimen. 

Heated  full  cherry  and  quenched  in  oil. 

Marks,  C2-Q. 

Diameter,  ''.564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  8''. 
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AppUed 
loMuper 
Bquare 
Inch.      I 


In  gauged  length. 


SloDga- 
tlon. 


Set 


Bemarlu. 


Pomuit.  \ 
1.000 
6,000  ' 
10,000  , 
20,000  I 
9^000 
80,000 
85,000 
40,000 
46,000 
60.000 
60,000 
64,000 
66,000 
66,000 
60,000 
64,000 
68,000 
72,000 
76,000 
77,440 
0 


IndL 

Inch. 

a 

0. 

.0006 

a 

.0009 

.0019 

0. 

.0026 

.0066 

.0002 

.0042 

.0008 

.0064 

.0018 

.0070 

.0022 

.0085 

.0041 

.0110 

.0180 

.0165 

.0220 

.0879 

.0210 

.04 

.06 

.06 

.11 

.16 

Initial  kMd. 


Tensile  strength. 
->5.S  per  cent. 


Elongation  of  inch  sections,  ".05,  ".04,  ".07*. 

Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 

Contraction  of  area,  15  per  cent. 

Fractured  ".85  from  the  neck. 

Appearance,  dull,  amorphous,  contains  a  spot  of  granular  metal. 


214 


CAEBON   AND    NICKEL   STEEL   INGOTS. 

No.  7578. 


Longitudinal  specimen. 

Heated  full  cherry,  quenched  in  oil,  and  annealed  at  about  1,000^  F. 

Marks,  C2-E. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Grauged  length,  3". 


Applied 

loaasper 

aqnare 

inch. 

In  gauged  length. 

RemarkB. 

Elonga- 
tion. 

Set. 

Poundt. 
1,000 
6,000 
10,000 
20.000 
29.000 
80,000 
31,000 
32,000 
38,000 
34,000 
36,000 
86,000 
37,000 
38,000 
39,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
62,000 
66,000 

Inch. 

0. 

.0008 
.0010 
.0020 

Inch. 

0. 

0. 

IniUal  load. 

Elastic  limit,  approximate. 

.0041 
.0046 
.0050 
.0053 
.0056 
.0060 
.0067 
.0071 

.0010 

- 

.0021 

.0078 

.0068 

.0100 

.0130 

.0196 

.0306 

.0460 

.0560 

.07 

.09 

.0066 

.0489 

60,000               11 

64,000 
68.000 
«,080 

.16 
.21 

Tensile  strength. 
^9.3  per  cent. 

.28 

. 

Elongation  of  inch  sections,  ".16*,  ".05,  ".07. 
Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 
Contraction  of  area,  24.6  per  cent. 
Fractured  ".25  from  the  neck. 
Appearance,  dull,  amorphous,  oblique. 


CABBON  AND  NIOK£L  8T££L  INGOTS. 
No.  7582. 
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Transverse  specimen. 

Heated  low  yellow  and  quenched  in  oil. 

Marks,  C2-t/. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 
loads  per 

aqiuure 

inch. 


Poundt. 
1,000 
6,000 
10,000 
20,000 
80,000 
85,000 
40,000 
46,000 
50.000 
55.000 
60,000 
02,000 
64,000 
66,000 
68,000 
70,000 
72,000 
76,000 
80,000 
84,000 
85,600 
0 


In  gauged  length. 


Elonga- 
tion. 

Set. 

0. 

.0004 
.0010 

Inch. 

0. 

0. 

.0021 

.0062 
.0040 

.0001 

.0046 
.0051 

.6662 

.0058 

.0009 

.6664 

.0260 
.0818 

.0180 

.0892 

.0480 

.0560 

.0648 
.07 

.0551 

.10 

.18 

.17 

.27 

Remarks. 


Initial  load. 


Tensile  strength. 
=  9  per  cent. 


Elongation  of  inch  sections,  ".04,  ".13*,  ".10. 
Diameter  at  fracture,  ".51;  area,  .2043  square  inch. 
Conti*a(*.tion  of  area,  18.3  per  cent. 
Fractured  1".14  from  the  neck. 
Appearance,  dull,  amorphous,  oblique. 
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CARBON   AND   NICKEL   STEEL    INGOTS. 

No.  7584. 


Longitadinal  specimen. 

Heated  low  yellow  and  quenched  in  oU. 

Marks,  C2-N. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

Inch. 

In  ganged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pmmd9. 
1,000 
6,000 
10,000 
20.000 
80.000 
86,000 
40,000 
46,000 
60.000 
66,000 
66,000 
67,000 
68,000 
69,000 
60,000 
62.000 
64,000 
66,000 
68,000 
70,000 
72,000 
76,000 
80,000 
84,000 
86.400 
0 

Inch. 

0. 

.0004 
.0010 

Inch. 

0. 

0. 

Initial  load. 

Tensile  strength. 
=  8  per  cent 

.0020 
.0031 
.0037 

.0001 

.0043 

.0060 

.0068 

.0067 

.0069 

.0072 

.0120 

.0171 

.0230 

.0268 

.0340 

.0410 

.0482 

.0678 

.07 

.09 

.11 

.16 

.0001 
.0002 
.0004 
.0008 

.0168 

.0490 

.24 

Elongation  of  inch  sections,  ".05,  ".07,  ".12*. 

Diameter  at  fracture,  ".51;  area,  .2043  square  inch. 

Contraction  of  area,  18.3  per  cent. 

Fractured  ".75  from  the  neck. 

Appearance,  dull,  amorphous,  irregular  suHace. 


OARBOK   AND   NICKEL   SlEEL   INGOTS. 
No.  7683. 
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Transverse  specimen. 

Heated  low  yellow,  quenched  in  oil,  and  annealed  at  about  l/KK)*^  F. 

Marks,  C2-L. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


In  gauged  length, 


Elonga- 
tion. 


Inch. 

0. 

.0004 
.0010 
.0020 
.0080 
.OOSfi 
.0041 
.0047 
.0051 
.0064 
.0066 
.0090 
.0112 
.0140 
.0190 
.0262 
.0400 
.0410 
.0681 
.0672 
.00 
.11 
.15 
.28 


Remarks. 


Initial  load. 


.0691 


ElasUc  limit. 
Load  fell. 


Tensile  strength. 
■^11.7  per  cent. 


Elongation  of  inch  sections,  ".08,  ".07,  ",20*. 

Diameter  at  fracture,  ".48;  area,  .1810  square  inch. 

Contraction  of  area,  27.6  per  cent 

Fractured  ".7  from  the  neck. 

Appearance,  dull,  amorphous,  irregular  surface. 
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CARBON   AND  NICKEL  STEKL  INGOTS. 
No.  7585. 


Longitudinal  specimen. 

Heated  low  yellow,  quenched  in  oil,  and  annealed  at  about  1,000^  F. 

Marks,  C2-0. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 


Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
35,000 
40,000 
45,000 
50,000 
53,000 
50,000 
51,000 
52,000 
53.000 
54,000 
56,000 
58.000 
60,000 
62,000 
-64,000 
66,000 
68,000 
72,000 
76,000 
76,800 
0 


In  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 

.0006 
.0009 
.0019 
.0029 
.0034 
.0040 
.0044 
.0050 
.0053 
.0125 
.0170 
.0360 
.0400 
.0448 
.0522 
.0620 
.0706 
.0810 
.0928 
.1060 
.1210 
.16 
.25 


Inch, 

0. 

0. 


Remarks. 


Initial  load. 


Elastic  limit.    Load  fell. 


.35 


Tenaile  strength. 
^11.7  per  cent. 


Elongation  of  inch  sections,  ".10,  ".17*,  ".08. 

Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 

Contraction  of  area,  24.6  per  cent. 

Fractured  1".37  from  the  neck. 

Appearance,  dull,  amorphous,  irregular  surface. 


PHOTOMICROGRAPH  OF  STEM  OF  TENSILE  SPECIMEN  C2-B,  NO.  7576,  CROSS  SECTION, 
CARBON  STEEL  INGOT.     MAGNIFICATION   180  DIAMETERS. 
STEEL  HEATED  BRIGHT  YELLOW  AND   QUENCHED  IN  OIL. 


HELIOTYPE    CO.,    BOSTON. 


CARBON   AND   NIOK£L   STEEL   INGOTS. 

No.  7676. 

Longitudinal  specimen. 

Heated  bright  yellow  and  quenched  in  oil. 

Marks,  C2-B. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


219 


Applied 

loaoaper 

Hquaro 

inch. 


1,000 
5,000 
10,000 
20.000 
30,000 
40,000 
45,000 
50,000 
56,000 

eo,ooo 

66.000 
70,000 
75,000 
80,000 
84,000 
88,000 
92.000 
98,010 
0 


In  gauged  length. 

Elonga^ 
tlon. 

Set. 

Remarks. 

Inch, 

0. 

.0004 
.0010 
.0020 
.0088 
.0048 
.0064 
.0068 
.0079 
.0102 
.0140 
.0225 
.0838 
.0630 
.07 
.10 
.13 

Inch. 

0. 

0. 

Inital  load. 

Tensile  strength. 
-^  ft.?  per  cent. 

.0001 
.0005 
.0009 
.0012 

.0088 

.0139 

.0428 

.17 

Elongation  of  inch  sections,  ".04,  ".04,  ".09*. 
Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 
Contraction  of  area,  15  per  cent. 
Fractured  ".8  from  the  neck. 
Appearance,  dull,  amorphous,  oblique. 
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CARBON   AND   NIOKEL   STEEL   INGOTS. 
No.  7580. 


Transverse  specimen. 

Heated  bright  yellow  and  quenched  in  oil. 

Marks,  C2-G. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Inch. 

0. 
.0002 
.0008 
.0019 
.0030 
.0037 
.0043 
.0051 
.0060 
.0079 
.0092 
.0120 
.0210 
.0342 
.0520 
.07 
.09 
.12 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
45,000 
50,000 
55,000 
60,000 
65,000 
70,000 
75,000 
80,000 
84,000 
88,000 
92,000 
94.400 
0 

Inch. 

0. 

0. 

Initial  load. 

Tensile  strength. 
=  6.3  per  cent. 

0. 

.0002 
.0005 
.0009 

.0029 

.0130 

.0422 

.16 

'.07*,  ".02. 


Elongation  of  inch  sections,  ".07* 

Diameter  at  fracture,  ".54;  area,  .2290  square  inch. 

Contraction  of  area,  8.4  per  cent. 

Fractured  1".07  from  the  neck. 

Appearance,  fine  granular,  dull  spot  at  the  circumference. 


CARBON    AND   NICKEL   STEEL   INGOTS. 
No.  7577. 
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Longitudinal  specimen. 

Heated   bright  yellow,   quenched   in   oil,  and  annealed  at  about 
1,000°  F. 
Marks,  C2-C. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


square 
inch. 

In  gauged  length. 

Remarks. 

1 
Blonga-           «  . 
Uon.             ^*^'- 

1 

Pounds. 

1,000 

6.000 

10,000 

ao.000 

80.000 
86,000 
40,000 

JI:81S 

Inch, 

0. 
.0003 
.0010 
.0021 
.0031 
.0038 
.0042 
.0049 
noRA 

Inch. 

0. 

0. 

Initial  load. 

0. 

6. 



KlaHtic  limit. 

Tenidle  strength, 
a  U  per  cent 

49,000    ,          nni» 

60.000 
61.000 
52,000 
64,000 
66,000 
68,000 
00,000 
64.000 

.0081 
.0092 

.0029 

.0110 
.0100 
.0262 
.0848 

.0448 
.Oft 

.0870 

68,000    1         .00 
72,000             .12 
76, 000              .  18 

76!  480 

0 

.33 

Elongation  of  inch  sections,  ".04,  ".07,  ".22*. 
Diameter  at  fracture,  ".43;  area,  .1452  square  inch. 
Contraction  of  area,  41.9  per  cent. 
Fractured  ".8  from  the  neck. 
Appearance,  dull,  silky,  oblique. 
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OABBON    AND   NICKEL   STEEL   INGOTS. 
No.  7581. 


Transverse  specimen. 

Heated   brignt  yellow,   quenched  in   oil,   and  annealed  at  about 
1,000°  F. 
Marks,  C2-I. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 


In  gauged  length. 


Pounds. 
1,000 
6,000 
10,000 
20,000 
30,000 
35,000 
40.000 
45,000 
50,000 
53,000 
54,000 
65,000 
66,000 
57.000 
68,000 
59,000 
60,000 
62,000 
64,000 
66,000 
68,000 
72,000 
76,000 
80.000 
83,640 
0 


Elonga- 
tion. 

Set. 

Inch. 

0. 

.0004 
.0010 

Inch. 

0. 

0. 

.0020 

.0030 
.0036 

6. 

.0041 
.0047 

6. 

.0052 
.0055 

.0001 

.0a')8 

.0114 
.0153 

.0054 

.0238 

.0280 

.0832 
.0388 

.0260 

.0490 

.0580 

.0663 

.09 

.12 

.16 

.32 

Remarks. 


Initial  load. 


KlaMtic  limit. 


Tensile  strength. 
=  10.7  per  cent. 


Elongation  of  inch  sections,  ".10,  ".15*,  ".07. 
Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 
Contraction  of  area,  24.6  per  cent. 
Fractured  1".8  from  the  neck. 
Appearance,  dull,  amorphous,  oblique. 
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224  CARBON    AND   NICKEL    8TEKL   INGOTS. 

Metal  froivi  Nickel  Steel  Ingot,  Slab  No.  2. 

No.  7516. 

Longitudinal  specimen. 

Natural  state. 

Marks,  N2-A. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 


In  gauged  length. 


Elonga- 
tion. 


Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30.000 
32,000 
33,000 
34.000 
35,000 
36,000 
37,000 
38,000 
89,000 
40,000 
42,000 
44,000 
46,000 
48,000 
60,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 


Inch. 

0. 
.0003 
.0010 
.0014 
.0020 
.0025 
.0081 
.0034 
.0089 
.0041 
.0052 
,0057 
.0064 
.0073 
.0088 
.0123 
.0190 
.0320 
.0455 
.05a5 
.0730 
.08 
.10 
.13 
.17 
.20 
.25 
.32 
.45 


Set. 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


.0079 


.64 


Remarks. 


Initial  load. 


Elastic  limit. 


Tensile  strength. 
—  21.3  per  cent. 


Elongation  of  inch  sections,  ".30*,  ".19,  ".15. 

Diameter  at  fracture,  ".47;  area,  .1735  square  inch. 

Contraction  of  area,  30.6  per  cent. 

Fractured  ".45  from  the  neck. 

Appearance,  dull  leaden  color,  amorphous,  tmce  of  granulation. 


OABBON   AND   NICKEL   STEEL   INGOTS. 
No.  7517. 
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Longitudinal  specimen. 

Natural  state. 

Marks,  N2-D. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


loads  per 
square 
inch. 

In  gauged  length. 

Blonga- 
Uon. 

Set. 

Pounds. 
1.000 
6,000 
10,000 
15.000 
20.000 
25,000 
80,000 
31,000 
82,000 
88,000 
34,000 
85.000 
86,000 
87,000 
88,000 
89.000 
40.000 
42,000 
44,000 
46,000 
48,000 
60,000 
62,000 
54,000 
66,000 
68,000 
60,000 
62,000 
64.000 
66,000 
0 

Inch. 
0. 
.0004 
.0010 
.0016 
.0020 
.0026 
.0081 
.0082 
.0085 
.0039 
.0041 
.0048 
.0060 
.0064 
.0065 
.0078 
.0101 
.0155 
.0290 
.0405 
.0628 
.0670 
.08 
.10 
.12 
.15 
.19 
*    .28 
.30 
.49 
.60 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.0005 

.0065 

.0606 

Rfimarfcs 


Initial  load. 


Elastic  limit  (not  well  defined). 


Tensile  strength. 
»  20  per  cent. 


Elongation  of  inch  sections,  ".16,  ".17,  ".27*. 

Diameter  at  fracture,  ".45;  area,  .1590  square  inch. 

Contraction  of  area,  36.4  per  cent. 

Fractured  1".12  from  the  neck. 

Appearance,  dull  silky,  oblique,  small,  light-ox>lored  spots. 

H.  Doc.  335 15 
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OABBON   AND   NICKEL   STEEL   INGOTS. 
No.  7518. 


Longitudinal  specimen.     Defective. 

Natural  state. 

Marks,  N2-F. 

Diameter,  ".564. 

Sectional  area,  .25  square  inches. 

Gauged  length,  3". 


loads  per 
square 
Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Foundt. 
1.000 
5,000 
10,000 
15,000 
20.000 
25.000 

25'Sffi 
27.000 

28,000 

29,000 

80,000 

31,000 

82,000 

88,000 

34.000 

85,000 

86,000 

87,000 

88,000 

89,000 

40.000 

42,000 

0 

Inch. 

0. 
.0008 
.0010 
.0015 
,0021 
.0028 
.0088 
.0088 
.0042 
.0049 
.0060 
.0069 
.0060 
.0095 
.0118 
.0144 
.0172 
.0198 
.0247 
.0290 
.0406 
.06 
.11 

Inch. 
0. 
0. 
0. 
0. 
0. 
.0001 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
«S.7  per  cent. 

.0101 

.0651 

Elongation  of  inch  sections,  ".02,  ".08*,  ".01. 
Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 
Contraction  of  area,  15  per  cent. 
Fractured  1".4  from  the  neck,  at  group  of  blow  holes. 
Appearance,  dull,  amorphous. 


CARBON   AND  NICKEL  8TESL  INGOTS. 
No.  7619. 
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Transverse  specimeD. 

Natural  state. 

Marks,  N2-H. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


loads  per 
sqnaTe 
iocb. 

In  gauged  length. 

Remarks 

Elonga- 
tion. 

Set 

P&undB. 
1,000 
6000 
10.000 
20  000 
26.000 
80.000 
81,000 
82,000 
88,000 

86,000 
86,000 
87,000 
88,000 
89.000 
40.000 
42,000 
44.000 
46,000 
48.000 
60.000 
62,000 
64.000 
66,000 
56,000 
60,000 
62,000 
64,000 

»S82 
66,8(« 

0. 
.0006 

.0010 

!0Q26 

.0081 

.0062 

.0064 

.0067 

.0040 

.0048 

.0062 

.0060 

.0070 

.0068 

.OUl 

.0190 

.0296 

.0486 

.0640 

.0603 

.06 

.10 

.12 

.15 

.19 

.28 

.80 

.48 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 
EUwUe  limit. 

Tenaile  stiength. 
=20.8  per  cent 

.0007 

.0069 

.0629 

.61 

".15,  ".32*,  ".14. 


Elongation  of  inch  sections, 

Diameter  at  fracture,  ".45;  area,  .1590  square  inch. 

Contraction  of  ai'ea,  36.4  per  cent. 

Fractured  at  the  middle  of  the  stem. 

Appearance,  dull,  amorphous,  flaky. 
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CARBON    AND    NICKEL   STEEL   INGOTS 


No.  7520. 


Transverse  specimen. 

Natural  state. 

Marks,  N2-K. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


tn  g«]8«d  len^tb. 

Eotiuirkci. 

ttr>D. 

Set, 

Pisurtdti. 

1. 000 

5,000 

10,000 

■^,000 

30,000 
31.000 
32,000 
33,000 
^,000 
3.'J,000 
36,000 
37,000 
38,000 
39,000 
40,000 
42,000 
44,000 
46.000 
4S,000 
50,000 
512.000 
51,000 
56,000 
5g,000 
60.000 
62,000 

ea.floo 
a 

Inch. 

0. 

.0008 
.0010 
.0020 
.0026 

.ooai 

..OOB^ 
.0009 

.oou 

-0017 
.0010 

.ooea 

.0060 

,0078 

.0091 

.0126 

.0190 

.0310 

.0145 

.OfiSO 

.0^42 

.09 

.il 

.U 

.n 

.21 
.2« 

Inch. 

0. 

0. 

0. 

Ol 

0. 

0. 

ItsUJal  loftd. 
Elutle  rimit 

=  L4  |>er  cent. 

imb" 

"■ 

.00^ 

.0ff79 

.42 

Elongation  of  inch  sections,  ".11,  ".17*,  ".14. 
Diameter  at  fracture,  ".47;  area,  .1735  square  inch. 
Contraction  of  area,  30.6  per  cent. 
Fractured  1".2  from  the  neck. 

Appearance,  dull  silky.     Band  of  light-colored  metal  across  frac- 
tured surface. 


OABBON   AND   NIOKSL   STEEL   INGOTS. 
No.  7521. 
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Longitudinal  specimen. 

Natural  state. 

Marks,  N2-M. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Blonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
25,000 
80,000 
84,000 
85,000 
86,000 
87,000 
88.000 
80,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
66,000 
58,000 
58,800 
0 

Inch. 

0. 

.0004 
.0010 
.0021 
.0027 
.0068 
.0087 
.0062 
.0060 
.0070 
.0079 
.0096 
.0187 
.0228 
.0680 
.0483 
.0660 
.0718 
.09 
.11 
.18 
.17 

Inch. 
0. 
0. 
0. 
0. 
0. 
.0001 

Inltal  load. 
Elastic  limit. 

Tensile  stren^rth. 
«>6.8  per  cent. 

.0012 

.0092 

.0649 

.19 

.09*,  ".05. 


Elongation  of  inch  sections,  ".05, 

Diameter  at  fracture,  ".54;  area,  .2290  square  inch.. 

Contraction  of  area,  8.4  per  cent. 

Fractured  1".4  from  the  neck. 

Appearance,  granular  80  per  cent,  amorphous,  flaky,  20  per  cent. 
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CABBON   AKD   NICKEL   STEEL  INOOTS. 


No.  7622. 


Longfitudinal  specimen. 

Natural  state. 

Marks,  N2-P. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loadiB,  per 

square 

inch. 


In  gauged  length. 


Elonga- 


Bet 


RemarlcB. 


Poundg. 
1,000 
6.000 
10,000 
20,000 
25,000 
80,000 
81,000 
82,000 
88,000 
84,000 
86,000 
86,000 
87,000 
88,000 
89,000 
40,000 
42,000 
44,000 
46,000 
48,000 
60,000 
60,400 
0 


Inch. 

0. 

.0006 
.0010 
.0020 
.0026 
.0088 
.0088 
.0041 
.0044 
.0049 
.0066 
.0067 
.0074 
.0088 
.0102 
.0160' 
.0240 
.0840 
.  .0466 
.0610 
.0066 


Inch. 
0. 
0. 
0. 
0. 
0. 
.0001 


Initial  load. 


ElasUc  limit. 


.0017 


.0102 


.0601 


.14 


Tensile  atrengtb. 
a  4.7  per  cent. 


Elongation  of  inch  sections,  ".03,  ".09*,  ".02. 
Diameter  at  fracture,  ".53;  ar^,  .2206  square  inch. 
Contraction  of  area,  11.8  per  cent. 
Fractured  1".  4  from  the  neck. 

Appearance,  granular,  60  per  cent;  belts  of  light  and  dark  colored 
amorphous  metal,  40  per  cent. 


NO.  7520,  N2-K. 


NO.   7522,  N2-P. 


FRACTUPED   ENO:>  Of  TF.N^ILE   SPECIMENS   FROM   NICKEL    STE^L   INGOT. 


HF      O^YPE     c")..     BOSTON. 


OABBON   AND   KIOKEL   STEEL   INGOTS. 


No.  7532. 
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Longitadinal  specimen. 

Heated  full  cherry  and  quenched  in  oil. 

Marks,  N2-Q. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 
loaasper 

square 

inch. 

In  gauged  length. 

Remarki. 

Elonga- 
tion. 

Set. 

Pounds. 

1,000 

5.000 

10.000 

20.000 

80.000 

85.000 

40,000 

45,000 

50.000 

55,000 

00,000 

65,000 

70.000 

75.000 

80,000 

85.000 

90,000 

95.000 

100.000 

104,000 

106,000 

112,000 

115,200 

0 

IndL 
0. 
.0004 

.0010 

.0021 

.0064 

.0048 

.0062 

.0061 

.0071 

.0082 

.0096 

.0111 

.0181 

.0152 

.0184 

.0225 

.0282 

.0688 

.0485 

.05 

.07 

.09 

Inch. 

0. 

0. 

IniUal  load. 

TenaUe  gtrength. 
=  4.8  per  cent. 

.0002 

.0010 

.0019 

.0090 

.0051 

.0091 

.0172 

.0909 

.18 

Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".03,  ".07*,  ".03. 
Diameter  at  fracture,  ".53;  area,  .2206  square  inch. 
Contraction  of  area,  11.8  per  cent. 
Fractured  1".3  from  the  neck. 

Appearance,  dull  silky,  coarsely  serrated.     Two  minute  discolored 
spots  at  circumference. 
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OASBON    AND   NICKEL   STKEL   INGOTS. 
No.  7525. 


Longitudinal  specimen. 

Heated  full  cherry,  quenched  in  oil,  and  annealed  at  1,(K)0°  ±:  F. 

Marks,  N2-E. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

looas  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30.000 
85.000 
40,000 
50,000 
60,000 
70,000 
76,000 
78,000 
80,000 
81,000 
82,000 
88,000 
84,000 
85,000 
86,000 
88,000 
90,000 
92,000 
96.000 
100,000 
101,200 
0 

Inch. 

0. 

.0004 
.0010 
.0021 
.0032 
.0087 
.0043 
.0053 
.0063 
.0078 
.0086 
.0092 
.0100 
.0110 
.0120 
.0132 
.0160 
.0181 
.0215 
.0860 
.0618 
.07 
.11 
.19 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit  about  75.000  pounds  per  square  inch. 

Tensile  strength. 
=  12.3  per  cent. 

0. 

0. 
0. 
0. 
0. 

.0014 

.0407 

.37 

Elongation  of  inch  sections,  ".04,  ".10,  ".23*. 
Diameter  at  fracture,  ".41;  area,  .1320  square  inch. 
Contraction  of  area,  47.2  per  cent. 
Fractured  ".5  from  the  neck. 
Appearance,  dull  silky,  oblique. 


OABBON    AND   NIOKEL   8TBEL  IKOOTS. 
No.  7633. 


238 


Longitudinal  specimen. 

Heated  full  cherry,  quenched,  in  oil,  and  annealed  at  1,000^  db  F. 

Marks,  N2-R. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 
loftds  pe 
Boaare 
A 


per 
nch. 


Pminda. 
1,000 
6,000 
10.000 
20,000 
80,000 
40.000 
50.000 
60,000 
68,000 
69,000 

68,000 

69,000 
70,000 
72,000 
74.000 
76,000 
78,000 
80,000 
84,000 
88,000 
89,600 
0 


In  gauged  length. 


Elonga- 
tion. 


.32 


Set 


Remarks. 


0. 
0. 
0. 
0. 


Inch.      I      Inch. 
0.  0. 

.0003    I       0. 

.0009    I 

.0020     

.0030 

.0041 

.0051 

.0061 

.0071 

.0090 

.0112 

.0160 

.0188 

.0230 

.0272 

.0832 

.0176 

.0608 

.0726 

.12 

.18 


.0160 


.0620 


Initial  load. 


Elastic  limit 


Tensile  strength. 
■-•  10.7  per  cent 


Elongation  of  inch  sections,  ".04,  ".05,  ".23*. 
Diameter  at  fracture,  ".46;  area,  .1662  square  inch. 
Contraction  of  area,  33.5  per  cent 

Fractured  ".2  from  the  neck.      Appearance,  dull   silky;  oblique, 
pitted  surface. 
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CABBON   ANB  NICKEL   STEEL   INGOTS. 

No.  7528. 


Transverse  specimen. 

Heated  low  yellow  and  quenched  in  oil. 

Marks,  N2-J. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


loadjiper 
square 
inch. 

In  gauged  length. 

RATna-rlriy, 

Elongar 
tlon. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
86,000 
40,000 
46,000 
60,000 
66,000 
60,000 
66,000 
70,000 
75,000 
80,000 
85,000 
90,000 
96,000 
100,000 
105,000 
110.000 
110,400 
0 

Inch. 
0. 
.0004 

.0010 
.0021 
.0086 
.0044 
.0060 
.0068 
.0068 
.0077 
.0069 
.0099 
.0111 
.0128 
.0140 
.0160 
.0187 
.0216 
.0251 
.0299 
.0881 

Indi. 

0. 

0. 

Initial  load. 

Tensile  strength. 
—2  per  cent 

.0008 
.0007 
.0009 
.0010 
.0012 
.0016 
.0020 
.0025 
.0082 
.0040 
.0060 
.0061 
.0080 
.0100 
.0185 
.0171 
.0246 

.06 

Elastic  limit  indefinite. 
Elongation  of  inch  sections,  ".01,  ".01,  ".04*. 
Diameter  at  fracture,  ".55;  area,  .2376  square  inches. 
Contraction  of  area,  5  per  cent. 
Fractured  1"  from  the  neck. 

Appearance,  granular;  streaks  of  light-colored  metal  across  frac- 
tured surface. 


OABBON    AND  KIGKEL   STEEL   IKOOTS. 
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No.  7530, 
Lon^tudinal  specimen. 
Heated  low  yellow  and  quenched  in  oil. 
Marks,  N2-N. 
Diameter,  ".664. 
Sectional  area,  ".25  square  inch. 
Gauged  length,  3". 


loMBper 
■qnare 

In  gauged  length. 

Remarks. 

Elongar 
tion. 

Set. 

Pmmd8. 
1,000 
6,000 
10,000 
20,000 
80,000 
86*000 

S;SS! 

60,000 
66000 
70,000 
76,000 
80,000 
86,000 
90,000 
96,000 
96.000 
0 

Indi. 
0. 
.0004 

.0010 
.0022 
.0088 
.0048 
.0061 
.0060 
.0060 
.0078 
.0067 
.0096 
.0107 
.0U9 
.0188 
.0149 
.0168 
.0192 

Inch. 

0. 

0. 

Initial  load. 

Tensile  strength. 
=  1.7  per  cent. 

.0002 
.0006 

.0007 
.0009 

.0012 
.0016 
.0019 
.0021 
.0029 
.0084 
.0042 
.0060 
.0066 
.0061 

.06 

,  ".00,  ".01. 
.2376  square  inch. 


Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".04* 

Diameter  at  fracture,  ".55;  area, 

Contraction  of  area,  5  per  cent. 

Fractured  ".75  from  the  neck. 

Appearance,  dull  silky,  trace  of  granulation. 

Defective  specimen.  A  crack  .08  deep  with  dark-colored  walls 
existed  in  the  stem  at  the  place  of  fracture.  The  discoloration  was 
attributed  to  the  operation  of  heating. 
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OABBOK   AND   IHOKEL   STEEL   ING-OTS. 

No.  7629. 


Transverse  specimen. 

Heated  low  yellow,  quenched  in  oil,  and  annealed  at  1,000^  db  F. 

Marks,  N2-L. 

Diameter,  ".564. 

Sectional  area,  .26  square  inch. 

Gauged  length,  3". 


Applied 

square 
inch. 

In  gauged  length. 

Remarks. 

EHonga- 
Uon. 

Set. 

PouruU. 
1.000 
5,000 
10.000 
20.000 
30,000 
35,000 
40.000 
60,000 
60,000 
70,000 
76,000 
76,000 
77,000 
78.000 
79,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
93,680 
0 

Inch. 

0. 

.0004 
.0010 
.0021 
.0032 
.0037 
.0042 
.0054 
.0066 
.0077 
.0086 
.0092 
.0120 
.0175 
.0228 
.0300 
.0378 
.0540 
.0665 
.0810 
.1060 
.12 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit 

Tensile  strength. 
"7  per  cent. 

0. 

0. 
0. 
0. 
.0001 

.0201 

.0928 

.21 

Elongation  of  inch  sections,  ".05,  ".11*,  ".06. 
Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 
Contraction  of  area,  15  per  cent. 
Fractured  1".48  from  the  neck. 

Appearance,  dull  silky,  oblique.      Streak  of   light-colored   metal 
across  fractured  surface. 


CARBON    AND   NICKEL   STEEL   INQOTS. 
No.  7531. 
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Longitudinal  specimen. 

Heated  low  veUow,  quenched  in  oil,  and  annealed  at  1,000^  db  F. 

Marks,  N2-0. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

aquare 

Tnch. 

PmmdB. 
1,000 
6,000 
10.000 
20,000 
30,000 
36.000 
40.000 
46.000 
60,000 

60,000 
66,000 
66.000 
67,000 
68,000 
69,000 
70,000 
71,200 
0 

In  gauged  length. 

Remarkii. 

Elonga- 
UaS. 

Set. 

Inch. 

0. 

0. 

Ifkch. 

0. 

.0004 
.0009 

.0020 
.0031 
.0087 
.0042 
.0049 
.0064 
.0060 
.0067 
.0076 
.1080 
.0086 
.0094 
.0108 
.0147 

luiUal  load. 

Elastic  limit. 

Tensile  strength. 
=«1.7  per  cent. 

0. 

0. 

0. 

0. 
.0002 

.0058 

.06 

Elongations  of  inch  sections,  ".00,  ".01,  ".04*. 
Diameter  at  fracture,  ".54;  area,  .2290  square  inch. 
Contraction  of  area,  8.4  per  cent. 
Fractured  ".65  from  the  neck. 

Appearance,  dull  gray,  amorphous  in  part,  with  streak  of  light- 
colored  metal. 

Defective  specimen.     Crack  with  discolored  walls  i"  by  f ". 
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CARBON   AND   NICKEL   8T££L   INGOTS. 
No.  7523. 


Lfongitudinal  specimen. 

Heated  bright  yellow  and  quenched  in  oil. 

Marks,  N2^. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


loMBper 
square 
inch. 

In  gauged  length. 

Remarks. 

Slonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
85,000 
40,000 
45,000 
50,000 
55,000 
60,000 
65,000 
70,000 
75,000 
80,000 
104,000 
120,000 
132,000 
140,000 
144.000 
148,000 
151,200 
0 

Inch. 

0. 

.0006 
.0010 
.0020 
.0082 
.0039 
.0046 
.0068 
.0060 
.0068 
.0076 
.0084 
.0005 
.0108 
.0113 
.02 
.OS 
.04 
.05 
.07 
.10 

Inch. 

0. 

0. 

IniUal  load. 

Tensile  strength. 
=-  5  per  cent. 

.666i 

.0001 
.0002 

.0004 
.0008 
.0009 
.0011 
.0014 
.0019 
.0021 
.0028 

.is 

Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".05,  ".07*,  ".03. 
Diameter  at  fracture,  ".52;  area, 
Contraction  of  area,  15  per  cent. 
Fractured  1".3  from  the  neck. 
Appearance,  granular,  cup-shaped. 


.2124  square  inch. 


OARBOK   AND   NIOKEL   STEEL   INGOTS. 
No.  7526. 
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Transverse  specimen. 

Heated  bright  yellow,  quenched  in  oil. 

Marks,  N2-G. 

Diameter,  ''.564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3''. 


aqu&re 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set 

PoumU. 
1,000 
6,000 
10,000 
20,000 
30,000 
40,000 
60,000 
66,000 
60.000 
66,000 
70,000 
76,000 
80,000 
86,000 
90,000 
96,000 
100,000 
106.000 
110.000 
116.000 
120,000 
126,000 
180,000 
140,000 
160,000 
166,800 
0 

Inch, 

0. 

.0004 
.0010 
.0022 
.0064 
.0048 
.0061 
.0070 
.0078 
.0066 
.0094 
.0102 
.0112 
.0122 
.0137 
.0147 
.0166 
.0176 
.0197 
.0218 
.0240 
.0270 
.0004 
.04 
.06 

Inch. 
0. 

0. 

InlUalload. 

Tensile  strength. 
»4  per  cent. 

.0001 
.0004 
.0008 

.0010 
.0011 
.0016 
.0018 
.0021 
.0026 
.0060 
.0089 
.0042 
.0061 
.0061 
.0076 
.0090 
.0108 
.0130 
.0168 

.12 

Elastic  limit  indefinite. 
Elongation  of  inch  sections,  ".02,  ".02,  ".08*. 
Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 
Contraction  of  area,  15  per  cent. 

Fractured  ".2  from  the  neck.     Appearance,  dull   gray,   slightly 
granular.     General  surface  close  approach  to  silky. 
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CARBON   AND   NICKEL    STEEL   INGOT8. 
No.  7524. 


Longitudinal  specimen. 

Heated  bright  yellow,  quenched  in  oil,  and  annealed  at  1,000°  db  F. 

Marks,  N2-C. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 


Pounds. 
1.000 
5,000 
10,000 
20,000 
30,000 
40.000 
60,000 
60,000 
70,000 
72,000 
74,000 
72,000 
73,000 
74,000 
75,000 
76.000 
78,000 
80,000 
82.000 
84,000 
88,000 
92,000 
95,000 
0 


In  gauged  length. 


Elonga- 
Uon. 


Inch. 

0. 

.0004 
.0010 
.0020 
.0030 
.0040 
.0051 
.0061 
.0071 
.0074 
.0077 
.0119 
.0134 
.0170 
\0198 
.0290 
.0389 
.0510 
.0580 
.0742 
.11 
.16 


Set. 


Inch. 

0. 

0. 


0. 
0. 
0. 
0. 
0. 


l:S 


RemarkH. 


Initii^l  load. 


Elastic  limit. 
Load  fell. 


Tensile  strength 
-^14.3  per  cent. 


Elongation  of  inch  sections,  ".30*,  ".08,  ".05. 
Diameter  at  fracture,  ".41;  area,  .1320  square  inch. 
Contraction  of  area,  47.2  per  cent. 

Fractured  ".75  from  the  neck.     Appearance,  dull  gmy  amorphous, 
■  oblique.     Coarsely  sermted. 


CARBON    AND   NICKEL   STEEL   INGOTS. 

No.  7527. 
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Transverse  specimen. 

Heated  brignt  vellow,  quenched  in  oil,  and  annealed  at  1,000^  =tF. 

Marks,  N2-I. 

Diameter,  ".564. 

Sectional  area,  .25  s(|uare  inch. 

Ganged  length,  3". 


Applied 

loaoaper 

square 

Inch. 

Kemarks. 

Elonga- 
tion. 

Set. 

J\mnd9. 
1.000 
6.000 
10.000 
20.000 
80.000 
40,000 
50,000 
60,000 
70,000 
73.000 
74,000 
75,000 
76,000 
78,000 
80,000 
84,000 
88,000 
92,000 
94,400 
0 

Inch. 

0. 
.0004 
.0010 
.0020 
.0081 
.0048 
.0068 
.0065 
.0076 
.0078 
.0061 
.0148 
.0178 
.0845 
.0470 
.06 
.12 
.18 

Inch. 

0. 

0. 

Initial  load. 

Klastic  limit. 

Tensile  strength. 
=19  per  cent. 

6. 
0. 

0. 
0. 

.0870 

.57 

Elongation  of  inch  sections,  ".36*,  ".13,  ".08. 
Diameter  at  fracture,  ".37;  area,  .1075  square  inch. 
Contraction  of  area,  57  per  cent. 

Fractured  ".95  from  the  neck.     Appearance,  silky.     Surface  con 
tains  several  light-colored  spots. 

H.  Doc.  335 16 
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Carbon  Steel  Ingot. 

Specimens  from  Block  B4",  piece  a.  Metal  drawn  down  at  a  weld- 
ing beat  in  the  forge  shop  to  a  bar  about  1".5  diameter  by  48"  long, 
from  which  tensile  specimens  were  taken. 

No.  7471. 

Marks,  Carbon  B4-al. 
Diameter,  1".129. 
Sectional  area,  1.00  square  inch. 
Length  of  stem,  18". 
Gauged  length,  10". 


1^"^^ 


per 
square 
Inch. 


In  gauged  length. 


l&longa- 
Uon. 


Set* 


Remark!. 


1,000 
6,000 
10,000 
20,000 
80,000 
85,000 
86,000 
87,000 
88,000 
89,000 
40,000 
41.000 
42,000 
48,000 
44,000 
45,000 
48,000 
47,000 
48,000 
49,000 
60.000 
1,000 
1,000 
66.000 
60.000 
64,700 
0 


JficAef. 
0. 
.0014 
.0080 
.0068 
.0096 
.0116 
.0120 
.0640 
.0720 
.0860 
.1860 
.2060 
.2140 
.2260 
.2400 
.2620 
.2800 
.8000 
.8200 
.8460 
.8660 


0. 
0. 


0. 
.0001 
.0002 


IniUal  load. 


Klastic  limit. 


.85 
.64 
.88 


.8466 


2.48 


Rested  1  hour. 


Tensile  strength, 
e  84.8  per  cent. 


Elongation  of  inch  sections,  ".20,  ".21,  ".21,  ".18,  ".19,  ".19,  ".19, 

18,  ".20,  ".40»,  ".80,  ".21,  ".20,  ".2i,  ".19,  ".17. 

Diameter  at  fracture,  ".88;  area,  .6082  square  inch. 

Contraction  of  area,  89.2  ^r  cent. 

Appearance  of  fracture,  silky,  containing  a  seam  about  ".15  deep 

lar  the  circumference. 


near 


244 


CARBON    AND   NICKEL    STEEL    INGOTS. 


No.  7472. 


Marks,  Carbon  B4-a2. 
Diameter,  l'M29. 
Sectional  area,  1.00  square  inch. 
Length  of  stem,  18". 
Gauged  length,  10". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 

Set. 

Pounds. 

1,000 

6,000 

10,000 

20,000 

80,000 

35,000 

40,000 

41,000 

42,000 

43,000 

44,000 

45,000 

46,000 

47,000 

48,000 

49,000 

50,000 

1,000 

1,000 

55,000 

60,000 

62,400 

0 

Inches, 
0. 
.0014 
.0082 
.0066 
.0100 
.0115 
.0182 
.0135 
.2600 
.2640 
.2800 
.8000 
.8210 
.8450 
.8610 
.8815 
.5075 

Inch. 

0. 

0. 

luiUal  load. 
ElasUc  limit. 

Rested  1  hour. 

Tensile  strength. 
=  83.6  per  cent. 

0. 
.0001 
.0001 

.4052 

.42 
.55 
1.07 

8.86 

Elongation  of  inch  sections,  ".12,  ".13,  ".17,  ".18,  ".19,  ".19,  ".17, 
".18,  ".17,  ".18,  ".19,  ".18,  ".21,  ".19,  ".40,  ".51^ 
Diameter  at  fracture,  ".78;  area,  .4778  square  inch. 
Contraction  of  area,  52.2  per  cent. 
Appearance  of  fracture,  silky,  containing  a  seam  about  ".40  deep. 


BENDING  TEST. 


Specimen  from  Block  64,  piece  5,  was  drawn  out  under  the  hammer 
to  a  c»r  28". 76  long,  and  which  finished  1".62  by  1".75  in  cross-section 
dimensions.  This  bar  was  bent  cold  through  180  degrees  and  closed 
down  without  rapture.  Minute  longitudinal  lines,  dark  in  color, 
appeared  on  the  tension  side  of  the  bend. 


STEEL  SUSPENDER  RODS  FROM  NEW  YORK 
AND  BROOKLYN  BRIDGE. 
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STEEL   SUSPENDER   BODS. 
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Steel  Suspender  Rods  from  the  New  York  and  Brooklyn 

Bridge. 

Tests  having  reference  to  the  strength  of  suspender  rods,  seven  of 
which  in  the  bridge  were  found  broken  July  24,  1901. 

Elongations  and  sets  determined  during  the  progress  of  the  tests 
were  by  means  of  observations  made  upon  the  movable  head  of  the 
testing  machine. 

The  rods  were  pulled  by  attaching  special  fixtures  to  a  pin  passing 
through  the  eye  at  the  head  of  the  roa  at  one  end  and  pulling  against 
the  nut  on  the  opposite  end,  thus  applying  loads  in  the  same  manner 
direct  tensile  stresses  would  be  received  by  the  rods  in  place  in  the 
bridge. 

The  attachment  employed  to  secure  the  rods  to  the  testing  machine 
rendered  the  test  pieces  inaccessible  at  the  time. 

Incipient  cracks  at  the  roots  of  the  threads  in  the  old  rods,  Nos.  4, 
6,  6,  and  8,  were  developed  by  the  tests.  The  cracks  extended  around 
part  of  the  circumference  of  the  rods,  but  were  generally  located  at 
the  extremities  of  the  diameter  which  was  parallel  to  the  axis  of  the 
bridge.  These  cracks  were  seldom  found  on  the  sides  of  the  rod^ 
taken  crosswise  the  direction  of  the  length  of  the  bridge  Their  di 
position  is  regarded  as  significant  with  reference  to  explaining  th 
causes  which  contributed  to  the  failure  in  service  of  some  of  the  rods 
by  indicating  the  direction  in  which  the  overstraining  forces  acted. 

The  direct  tensile  stress  on  the  suspender  rods  in  service,  under 
normal  conditions  of  loading,  is  stated  to  be  11  tons. 

Rod  No.  1,  with  New  Welded  End 

Diameter  of  body,  2i". 
Sectional  area,  4.9  square  inches. 
Gauged  length  over  thread,  12". 43. 
Gauged  length  over  head,  6". 

The  elongations  tabulated  below  refer  to  measurements  taken  on  the 
moving  parts  of  the  testing  machine. 


YoSr* 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

PomuU. 

1.000 

60,000 

75,000 

100,000 

129,100 

125,000 
145,000 

Inch, 

0. 

.06 

.11 

.14 

/          -21 

Inch. 
0. 
.OS 
.04 
.07 
.18 

Initial  load. 

Tensile  strength -20,000  pounds  per  square  inch  on  body 
of  rod. 

Fractured  through  the  head  in  front  of  the  pin  hole. 
Appearance,  granular,  radiating  from  the  seamy  spot  at  outside  of 
the  head. 
Elongation  on  gauged  length  over  thread,  ".17. 
Elongation  on  guuged  length  over  head,  ".08. 
Elongation  of  pin  hole,  ".09. 
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Rod  No.  2,  with  New  Welded  End. 

Diameter  of  body,  2i". 
Sectional  area,  4.9  square  inches. 
Gauged  length  over  thread,  12". 
Gauged  len^h  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on  the 
moving  parts  of  the  testing  machine. 


Ycg'Js^ 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
50,000 
75,000 
100,000 
125,000 
126,000 
150,000 
160,000 
195.800 

Inch. 

«    0. 
.07 
.10 
.12 
.18 
.21 
.39 
.50 

Inch. 
0. 
.01 
.02 
.14 
.10 
.13 
.30 

Initial  load 

Set  on  gauged  length  over  thread, ''.03 
Set  on  ganged  length  over  thread, ".  08. 
Set  on  gauged  length  over  thread,".  19. 

Tensile  strength =40, 000  pounds  per  square  inch  on  bcKly 
of  rod. 

Fi*actured  through  the  head  in  front  of  the  pin  hole. 
Appearance,  granular. 

Elongation  on  gauged  length  over  thread,  ".62. 
Elongation  on  gauged  length  over  head,  ".16. 
Elongation  of  pin  hole,  ".15. 

Rod  No.  3,  with  New  Welded  End. 

Diameter  of  body,  2i". 
Sectional  area,  4.9  square  inches. 
Gauged  length  over  thread,  12". 
Gauged  length  over  head,  5". 

The  elongations  tabulated  below  refer  to  meitsurements  taken  on 
the  moving  parts  of  the  testing  machine. 


Ycsr 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 

1,000 

25,000 

50,000 

75,000 

100,000 

125,000 

128,700 

140,000 

150,000 

160,000 

164,300 

Inch. 
0. 
.05 
.08 
.10 
.12 
.14 
.16 
.26 
.31 
.39 

Inch. 
0. 
.03 
.04 
.04 
.06 
.06 
.09 

Initial  load. 

Set  on  gauged  length  over  thread, ''.  01. 
Set  on  gauged  length  over  thread, ".  04. 

Set  on  gauged  length  over  thread, ".  16. 

Tensile  strength  =»33,500  pounds  per  square  inch  on  body 
of  rod. 

.22 

Fractured  through  the  head  in  front  of  the  pin  hole. 
Appearance,  granular,  radiating  from  a  seamy  spot  at  the  corner  of 
the  fractured  surface,  outside  of  head. 

Elongation  on  gauged  length  over  thread,  ".24. 
Elongation  on  gauged  length  over  head,  ".11. 
Elongation  of  pin  hole,  ".13. 
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KoD  No.  4.     Old  Rod  which  hai^  been  Heated  at  Threaded  End. 

Diameter  of  body,  2^^"' 
Sectional  area,  5.15  sauare  inches. 
Gauged  length  over  tnread,  18".50. 
Gauged  length  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on 
the  moving  parts  of  the  testing  machine. 


Applied 
loads. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pound*. 

1,000 

25,000 

60,000 

75,000 

100,000 

125,000 

150,000 

160,000 

162,000 

175,000 

200,000 

225,000 

250,000 

272,600 

Jneket. 

0. 
.07 
.12 
.15 
.18 
.21 
.25 
.28 
.80 
.34 
.54 
.76 

1.05 

Inch. 
0. 
.03 
.05 
.07 
.08 
.11 
.14 

Initial  load 

Set  on  gauged  length  over  thread,  ".02. 
Set  on  gauged  length  over  thread,  ''.03. 

Set  on  gauged  length  over  thread,  ".06. 
Set  on  gauged  length  over  thread,  ".09. 
Sot  on  gauged  length  over  thread,  ".14. 

Tensile  strength  B5a,900  pounds  per  square  inch  on  body  of 
rod. 

.19 

.23 

.      .41 

Fi'actured  through  the  head  in  front  of  pin  hole. 

Appearance,  granular,  seamy  metal  at  corner  at  outside  of  the  head. 
Opened  cracks  at  root  of  thread  immediately  below  the  most  worn 
part.  These  cracks  presented  dark-colored  surfaces,  and  were  evi- 
dently the  development  of  incipient  cracks  which  began  when  the  rod 
was  in  the  bridge,  and  discolored  when  the  rod  was  subsequently  heated 
in  a  smith's  fire.  The  cracks  were  on  opposite  sides  of  the  rod,  about 
30  degrees  from  a  diameter  parallel  to  tne  axis  of  the  bridge. 

Elongation  on  gauged  length  over  thread,  ".65. 

Elongation  on  gauged  length  over  head,  ".36. 

Elongation  of  pin  hole,  ".34. 
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Rod  No.  6.    Old  Rod  which  had 'been  Heated  at  Thbeaded  End. 

Diameter  of  body,  2i". 
Sectional  area,  4.9  square  inches. 
Gauged  length  over  thread,  19".  50. 
Gauged  len^h  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on  the 
moving  parts  of  the  testing  machine. 


Applied 
loads. 

In  gauged  length. 

Bemarka. 

Elonga- 
tion. 

Set. 

1,000 
60.000 
76,000 
100.000 
126.000 
160,000 
160,000 
161,200 
176,000 
200,000 
226,000 
280,000 
267,000 

Inches. 

0. 
.06 
.06 
.12 
.16 
.22 
.28 
.29 
.84 
.67 
.80 

1.12 

Inch. 

0. 
.02 
.08 
.06 
.07 
.12 

Initial  load. 

Set  on  gauged  length  over  thread.  ".08. 
Set  on  gauged  length  over  thread,  ''.07. 
Set  on  gauged  length  over  thread,  ".24. 

Tensile  8trength»82,400  pounds  per  square  Inch  on  body 
of  rod. 

.19 
.23 
.44 

Fractured  in  the  threaded  section,  12"  from  the  end  of  the  rod. 

Appearance,  granular,  with  dark-colored  spots  at  the  circumference, 
extending  inward  varying  distances  up  to  i".  Opened  cracks  at  the 
root  of  the  thread  in  the  vicinity  of  the  fracture,  which  were  located 
at  different  places  on  the  circumference  of  the  rod,  excepting  the  sides 
at  right  angles  to  the  axis  of  the  bridge,  in  which  parts  the  cracks 
were  seldom  present.  These  cracks,  like  tnose  in  the  rod  No.  4,  appar- 
entlv  represent  progressive  fractures  which  were  in  progress  in  the 
bridTge,  the  surfaces  of  which  were  discolored  when  the  rod  was  sub- 
sequently exposed  to  the  heat  of  the  smith's  fire. 

Elongation  on  gauged  length  over  thread,  ".69. 

Elongation  on  gauged  length  over  head,  ".12. 

Elongation  of  pin  hole,  ".12. 
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Rod  No.  6.     Old  Rod  which  had  been  Heated  at  Threaded  End. 

Diameter  of  body,  2tV"« 
Sectional  area,  5.15  square  inches. 
Gauged  length  over  tnread,  21". 
Gauged  length  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on 
the  moving  parts  of  the  testing  machine. 


AppUed 
loads. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 

1,000 

25,000 

50,000 

75,000 

100,000 

125,000 

150,000 

160,000 

161,600 

175,000 

200.000 

225,000 

248,800 

Inch. 
0. 
.06 
.10 
.18 
.15 
.18 
.26 
.88 
.84 
.41 
.61 
.86 

Inch, 
0. 
.02 
.04 
.05 
.06 
.08 
.16 

lulUal  load. 

Set  on  gauged  length  over  thread,  ".01. 
Set  on  gauged  length  over  thread,  ".05. 

Set  on  gauged  length  over  thread,  ".10. 

Set  on  gauged  length  over  thread,  ".30. 

Tensile  strength « 48.200  pounds  per  square  Inch  on  body 
of  rod. 

.22 
.28 
.47 

Fractured  13".  25  from  end  of  rod. 

Appearance,  granular,  with  dark-colored  spots  at  the  circumference, 
penetrating  varying  distances  up  to  ".15. 
Elongation  on  gauged  length  over  thread,  ".74. 
Elongation  on  gauged  length  over  head,  ".12. 
Elongation  of  pin  hole,  ".13. 
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Rod  No.  7.    Old  Rod  which  had  been  Heated  at  Threaded  End. 

Diameter  of  body,  2^". 
Sectional  area,  4.9  square  inches. 
Gauged  length  over  thread,  21". 
Gauged  len^  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on  the 
moving  parts  of  the  testing  machine. 


Applied 
loads. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
25,000 
60,000 
75,000 
100,000 
125,000 
150,000 
176,000 
195,400 
200,000 
225,000 
250,000 
818,600 

Inc?ies. 

0. 
.10 
.14 
.18 
.21 
.28 
.28 
.37 
.52 
.57 
.80 

1.13 

Inch. 

0. 
.04 
.06 
.07 
.09 
.10 
.15 
.24 
.37 
.41 

Initial  load 

Set  on  gauged  length  over  thread.  O''. 
Set  on  gauged  length  over  thread,  ".07. 
Set  on  gauged  length  over  thread,  ".17. 
Set  on  gauged  length  over  thread,  ".19. 

Set  on  gauged  length  over  thread,  ".49. 
Tensile  strength  =  65,000  pounds  per  square  inch  on  body 
of  rod. 

.92 

Fractured  12"  from  the  end  of  the  rod,  near  the  upper  end  and  most 
reduced  part  of  the  worn  section. 
Appearance,  granular.     No  cracks  opened  at  the  root  of  the  thread. 
Elongation  on  gauged  length  over  thread,  2". 05. 
Elongation  on  gauged  length. over  head,  ".30. 
Elongation  of  pin  hole,  ".35. 
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Rod  No.  8.     Old  Rod  which  had  beek  Heated  at  Threaded  End. 

Diameter  of  body,  2yV"- 
Sectional  area,  5.15  square  inches. 
Gauged  length  over  thread,  16". 
Gauged  len^h  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on  the 
moving  parts  of  the  testing  machine. 


YoSr 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

PowuU. 
1,000 
25,000 
50,000 
76,000 
100,000 
125,000 
150,000 
175,000 
186,900 
200,000 
225,000 
250,000 
284,900 

Inch. 
0. 
.04 
.07 
.10 
.12 
.15 
.18 
.26 
.83 
.41 
.58 
.81 

Inch. 
0. 
.02 
.02 
.08 
.04 
.05 
.08 
.15 
.21 
.28 

Initial  load. 

Set  on  gauged  length  over  thread,  ".01. 
Set  on  gauged  length  over  thread,  ".OS. 
Set  on  ganged  length  over  thread,  ".08. 
Set  on  gauged  length  over  thread,  ".12. 
Set  on  gauged  length  over  thread,  ".17. 

Set  on  gauged  length  over  thread,  ".  42. 
Tensile  strength =55,300  pounds  per  square  inch  on  body 
of  rod. 

.64 

Fractured  11". 75  from  end  of  rod. 

Appearance,  granular,  radiating  from  a  dark-colored  spot  at  the  cir- 
cumference. Cracks  with  dark-colored  surfaces  developed  at  the  roots 
of  the  threads  in  the  vicinity  of  the  fracture.  These  cracks  were  of  the 
same  description  as  those  found  in  other  rods.  They  were  generally 
located  ia  and  near  the  plane  of  the  diameter  of  the  rod  which  was 
pai*allel  to  the  axis  of  the  bridge.  There  were  no  cracks  opened  in  the 
threads  at  right  angles  to  the  axis  of  the  bridge.  It  is  understood  in 
this  connection  that  the  axes  of  the  pins  through  the  heads  of  the  rods 
occupied  a  position  in  the  bridge  at  right  angles  to  the  direction  of 
the  length  of  the  bridge.  A  number  of  these  cracks  were  visible  after 
260,000  pounds  tension  had  been  applied  to  the  rod. 

Elongation  on  gauged  length  over  thread,  ".81. 

Elongation  on  gjEiuged  length  over  head,  ".15. 

Elongation  of  pin  hole,  ".15. 
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Rod  No.  10.     New  Rod. 


Diameter  of  body,  2i". 
Sectional  area,  5.94  square  inches. 
Gauged  length  over  thread,  8". 
Grauged  length  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurementa  taken  on 
the  moving  parts  of  the  testing  machine. 


YcSr 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,060 
25,000 
50,000 
75,000 
100,000 
125,000 
150,000 
175,000 
200,000 
225,000 
242,700 
245,000 
250,000 
275,000 
800,000 
325,000 
875,000 
448,000 

Inches. 
0. 
.06 
.10 
.13 
.16 
.18 
.21 
.24 
.27 
.32 
.36 
.89 
.41 
.48 
.65 
.87 
1.27 

Inch. 
0. 
.08 
.05 
.06 
.07 
.08 
.09 
.10 
.12 
.15 
.19 
.21 

Initial  load. 

Set  on  ganged  length  over  thread,  0^. 
Set  on  ganged  length  over  thread,  ".02. 
Set  on  gauged  length  over  thread,  ".02, 

Set  on  gauged  length  over  thread,  ".04. 
Set  on  gauged  length  over  thread,  ".06. 
Set  on  gauged  length  over  thread,  ".11. 
Set  on  gauged  length  over  thread,  ".18. 
Tensile  strength a74,600  pounds  per  square  inch  on  body 
of  rod. 

.28 
.43 
.61 
.96 

Fractured  at  the  thread,  7". 75  from  the  end  of  the  rod. 
Appearance,  granular. 

Elongation  on  gauged  length  over  thread,  ".47. 
Elongation  on  gauged  length  over  head,  ".46. 
Elongation  of  pin  hole,  ".43. 
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Rod  No.  11.     New  Rod 
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Diameter  of  body,  2i". 
Sectional  area,  5.94  square  inches. 
Gauged  length  over  thread,  8". 
Gauged  length  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on  the 
moving  parts  of  the  testing  machine. 


Applied 
loads. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 

Inch. 

Inch. 

1,000 

0. 

•. 

Initial  load. 

25,000 

.05 

02 

60,000 

.06 

.08 

76,000 

.11 

.04 

100,000 

.13 

.04 

125,000 

.15 

.05 

150,000 

.17 

.05 

175,000 

.20 

.06 

200,000 

.28 

.08 

225,000 

.26 

.10 

250,000 

.30 

.12 

Set  on  gauged  length  over  thread,  *fO, 

258,600 

.83 

.15 

Set  on  gauged  length  over  thread,  ^^.02. 

255,000 

.35 

.17 

Set  on  gauged  length  over  thread,  ".08. 

275,000 

.40 

.20 

Set  on  gauged  length  over  thread,  ''.05. 

900,000 

.49 

.29 

Set  on  gauged  length  over  thread,  ".08. 
Tensile  strength  so6,400  pounds  per  square  inch  on 
of  rod. 

385,200 

body 

Fractured  in  the  head,  across  the  pin  hole. 

Appearance,  granular,  radiating  from  the  comer  of  the  fractured 
surfaces. 

£longation  on  gauged  length  over  thread,  ".12. 
£longation  on  gauged  length  over  head,  ".19. 
Elongation  of  pin  hole,  ".17. 
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THE   DARK   SPO^S  AT   """HL    ('".\Ci'Mr    Rr\.rr^   BEl  CW  THE   THREAD,   SHOW   INTIPf  NT 


NO.  8. 


rWACTURED   SLiRFAi^E   Of   ROD   NO.   C,   MADE    DURING  IFST-NG. 

THE   DARK    SPOTS  AT  THF.   C 'iVCUM  Tc  RE  NC  F ,   REL>)*V   THE    T  *RFAD.  S'iC'VV   .N'^lPlt  NT 

(JiAO  -.    FvisTING   \^i    THh    Rf^[;    t^.FrnRL    FESf'NG 


HtliOTYPt    CO..    bo';ton. 


NO.  9. 


FRACTURED   SURf-ACL   OF   ROO    NO.   8,  MADE    DUK'NG  TFSTING. 

THt   DARK   SPOTS  AT  THb   C'RCUMPEF^FNC  t  ,   Bfc  LOW  THt    T^-iCf  AD,  SH(^W   INCI^'IFNT 

CRACKS   EXISTING  IN    "'HE   ROD   BLFCRr    Jf^lWC. 


THREADED   PART   OF   ROD    NO.   b,   SHOWING   INCIPIENT   C  f^CKS  AT    ROOT    OF    THREADS, 
WHICH   EXISTE''   IN   THF    ROT'    B^FcRE   TESTING. 


Hri'OT'.pt   : 


iHf  LAL'f^O   PART  OF   ROD   NO.  b,  SHOWING  INCIPIENT   CRACKS  AT   RO(>T    OF   THREADS, 
WHICH   HX!c-JEr>   IN   THE   ROD   BEf^ORE  TESTING. 


HFUOrypE   CO.,    BOtTON. 


THREADED  PART  OF  ROD  NO.  8,  SHOWING  INCIPIENT  CRACKS  AT  ROOT  OF  THREADS, 
WHICH  EXISTED  IN  THE  ROD   BEFORE  TEST'NG. 
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ENDURANCE   OF   ROTATING   SHAFTS. 


No.  301.     Marks,  7  B  17  Yl— 1. 

Turned  down  from  bar  li"  diameter;  0.32  per  cent  carbon;  1. 
manganese. 
Diameter,  1".     Speed  of  rotation,  750  and  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflection  measured  on  chord  of  10". 


Maxi- 
mum 
fiber 

stress 
per 

square 
inch. 


Pounds 
40,000 


45,000 


50,000 


Number  of  rotatlous. 


Bucceasive. 


80,018,000 


1,000 


1,000 


9,000 


6,489,000 


1,000 


9.000 


Total. 


10,000 


100,000 


80,118,000 


80,118,000 


80,119,000 


80,119,000 


80,120,000 


80,129,000 


86,618,000 


86,618,000 


86,619,000 


86,628,000 


Micrometer  readings  for 
deflections. 


On 
line. 


Un- 
load- 
ed. 


IncJi. 
.2008 
.2006 
.2012 

.2008 
.2006 
.2012 

.2006 
.20a') 
.2012 

.2008 
.2007 
.2011 


.1655 
.165:J 
.1669 

.1661 
.1652 
.1659 

.1655 
.1654 
.1659 

.1654 
.  1653 
.1659 

.1655 
.1653 
.1658 

.1639 
.1685 
.1642 


.1648 

.1638 
.1635 
.IMS 

.1638 
.1636 
.IMS 


Load- 
ed. 


Inch. 
.1690 
.1688 
.1691 

.1688 
.1686 
.1691 

.1680 
.1680 
.1685 

.1688 
.1686 


.1335 

.1*42 

.1326 
.1327 
.1*40 

.1298 
.1287 
.1296 

.1292 
.1290 
.1295 

.1289 
.1290 
.1294 

.1275 
.1278 
.1283 

.1239 
.1236 
.1244 

.1234 
.1233 
.1241 

.1237 
.1233 
.1241 


Un- 
load- 
ed. 


De- 
flec- 
tions. 


I 


I 

Inch.  Inch, 

.20as  ,  .0318 

.2006  .0818 

.2012  .0318 


.2008 
.2006 
.2011 

.2006 
.20a5 
.2012 

.2008 
.2007 
.2011 


.1655 
.  1653 
.1659 

.1664 
.  1652 
.1658 

.1655 
.1653 
.1669 

.1664 
.1653 
.1669 

.1664 
.1652 
.1658 


.1635 
.1641 

.1638 
.1636 
.1643 

.1638 
.1635 
.1642 

.1638 
.16;i5 
.1641 


.0320 
.0320 


.0325 
.0827 

.0320 
.0822 
.0320 


.0320 
.0322 
.0317 

.0328 
.0325 
.0318 

.0357 
.0366 


.0362 
.0363 
.03&1 

.0365 
.0362 
.0364 

.0364 
.0367 
.0358 


.0404 
.0402 
.0401 

.0401 
.0402 
.0400 


Sets. 


Inch. 
0. 
0. 
0. 

0. 
0. 
.0001 

0. 
0. 
0. 

0. 
0. 
0. 


0. 
0. 
0. 

0. 
0. 
.0001 


.0001 


0. 
0. 
0. 

.0001 
.0001 


0. 
0. 
.0001 


.0001 


0. 

.ooOi 


.0001 
.0002 


Remarks. 


Bar  warm,  about  150°  F. 


Measurements  repeated 
after  bar  was  cold. 


Bar  rested  without  load 
an  interval  of  4  years 
3  months,  at  the  end 
of  which  rest  the  test 
was  resumed,  the 
speed  of  rotation  now 
being  500  per  minute, 
other  conditions  of 
the  test  em  1  ef  ore. 


n 
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Maxi- 
mnm 

fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

Do- 
flec- 

tlOM. 

Inch. 
.(M07 
.&i06 
.0401 

SetA. 

RcmarkH. 

Successive. 

Total. 

On 

line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Inch. 
.1644 
.1640 
.1638 

.1644 
.1640 
.1639 

.1643 
.1640 
.1638 

.1645 
.1640 
.1638 

.164-1 
.1640 
.1638 

Pounds 
65,000 

7,983,490 

94,611,490 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c. 

a 
b 
c 

Inch. 
.1645 
.1640 
.1638 

.1644 
.1641 
.1639 

.1643 
.1641 
.1639 

.1644 
.1641 
.1639 

.1644 
.l&iO 
.1640 

Inch. 
.1237 
.1234 
.1287 

.1198 
.1200 
.1199 

.12a5 
.1201 
.1200 

.1207 
.1206 
.1208 

.1203 
.1201 
.1200 

Inch. 
.0001 
0. 
0. 

Bar  ruptured  ".fiO  south 
of  south  edge  of  south 
middle  bearing. 



0 



94,611,490 

.0446  I  0. 
.0440  1    .0001 

.0440 

.0488 
.0439 
.0438 

.0438 
.0435 
.0435 

.0441 
.0439 
.0488 

0. 

0. 
.0001 
.0001 

-.0001 
.0001 
.0001 

0. 
0. 
.0002 

1,000 

94,612,490 

9,000 

94,621,490 

100,000 

94,721,490 

797,620 

96,519,010 

No.  308.     Marks,  11-C3. 

Turned  down  from  bar  IJ"  diameter;  1.09  per  cent  carbon, 
rolled  bar. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Hot 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Inch. 
.0320 
.0828 
.0327 

.0327 
.0380 
.0332 

.0332 
.0332 
.0832 

.0838 
.0888 
.0836 

.0339 
.0342 
.0841 

Sets. 

Remarks. 

Sncceaslve. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

PmtniU. 
40,000 

0 

0 

a 

b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 

Inch. 
.1270 
.1273 
.1272 

.1270 
.1273 
.1273 

.1270 
.1273 
.1270 

.1380 
.1840 
.1835 

.1375 
.1893 
.1398 

Inch. 
.0949 
.0949 
.0946 

.0942 
.0941 
.0989 

.0936 
.0939 
.0986 

.0987 
.0991 
.0989 

.1036 
.1039 
.1041 

Inch. 
.1269 
.  1272 
.1272 

.1269 
.1271 
.1271 

.1267 
.1271 
.1268 

.1326 
.1829 
.1325 

.1375 
.1381 
.1382 

Inch. 
.0001 
.0001 
0. 

.0001 
.0002 
.0002 

.txm 

.0002 
.0002 

.wm 

.0011 
.0010 

0. 
.0012 
.0016 

1,000 

1,000 

9,000 

10,000 

177,200 

187,200 

869,600 

1.046,800 
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Maxl- 

TniiTn- 

flber 
stress 

per 
square 
Inch. 

Number  of  rotatlonfl. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Succeaaive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

I\nmd9 
46,000 

9,631,350 

10,678,160 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

Inch. 
.1465 
.1458 
.1462 

.1664 
.1566 
.1555 

.1566 
.1666 
.1867 

.1556 
.1565 
.1656 

Inch. 
.1108 
.1110 
.1111 

.1219 
.1219 
.1220 

.1228 
.1227 
.1228 

.1224 
.1223 
.1224 

Inch. 
.1448 
.1461 
.1461 

.1646 
.1549 
.1549 

.1658 
.1568 
.1554 

.1668 
.1563 
.1564 

Inch. 
.0340 
.0341 
.0340 

.0327 
.0330 
.0329 

.0825 
.0326 
.0326 

.0829 
.0380 
.0830 

Inch. 
.0007 
.0007 
.0011 

.0008 
.0006 
.0006 

.0002 
.0002 
.0008 

.0006 
.0002 
.0002 

Bar  rested  without  load 
an    interval    of    10 
months,  at  the  end  of 
which  rest  the  test 
was  resumed,  under 
same  conditions   as 
before. 

Bar  ruptored  'MOsonth 
of  the  south  edge  of 
the    north     middle 
bearing. 

42,316,060 

62,993,210 

47,969,090 

100,962,300 



28,626,650 

129,588,960 

767,310 
0 

130,356,260 
130,356,260 

a 
b 
c 

a 
b 
c 

a 
b 
c 

.1666 
.1666 
.1659 

.1668 
.1656 
.1669 

.1656 
.1667 
.1669 

.1325 
.1327 
.1328 

.1326 
.1326 
.1329 

.1328 
.1330 
.1329 

.1656 
.1665 
.1657 

.1656 
.1665 
.1667 

.1666 
.1655 
.1667 

.0881 
.0328 
.0329 

.0330 
.0329 
.0828 

.0327 
.0326 
.0828 

0. 
.0001 
.0002 

.0002 
.0001 
.0002 

.0001 
.0002 
.0002 

1,000 

130,367,260 

1 

10,000 

130,367,260 

132,740 
0 

130,600,000 
130,600,000 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

.1664 
.1655 
.1667 

.1666 
.1659 
.1669 

.1658 
.1660 
.1660 

.1659 
.1677 
.1667 

.1287 
.1285 
.1291 

,1281 
.1286 
.1283 

.1277 
.1287 
.1285 

.1253 
.1260 
.1256 

.1664 
.1654 
.1666 

.1664 
.1665 
.1656 

.1662 
.1655 
.1655 

.1648 
.1645 
.1642 

.0367 
.0369 
.0866 

.0373 
.0369 
.0878 

.0375 
.0368 
.0870 

.0390 
.0385 
.0386 

0. 
.0001 
.0001 

.0002 
.0004 
.0008 

.0006 
.0005 
.0005 

.0016 
.0032 
.0025 

1,000 

130,501,000 

10,000 

180,511,000 

904,010 

131,415,010 

102,290 

131,517,800 

NO,  309. 
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No.  309.     Marks,  7-Bl. 

Turned  down  from  bar  li"  diameter;  0.73  per  cent  carbon, 
rolled  bar. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaaed  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Hot 


Mazi. 
mum 

flber 
BtreflB 

per 
square 
Inch. 


Number  of  ^taUons.  j  ^'^^"'Tefl^U^"^  ^°'  ' 


SuecefBive, 


Pounds 
40,000 


46,000 


1,000 


9,000 


M,100 


Total. 


I  On 
line. 


0  ,    a 

...!    b 
...     c 


1,000  ,    a 
1    b 

c 


924,000 


9,406,610 


10,000 

»i,700 

1,018,700 

10,427,210 


41,274,760     61,701,970 


61,666,390  103,267,a00 
149,836,160 


46,667,800 


11,370 


168,470 
0 


149.846,630 


160,000,000 
160,000,000 


1,000 


160,001,000 


10,000 
9,489,000 


160,011,000 
169.600,000 


Un- 
load- 
ed. 


Inch. 
.1820 
.1319 
.1318 

.1320 
.1318 
.1317 

.1319 
.1318 
.1318 

.1329 
.1328 
.1329 

.1876 
.1376 
.1374 

.1446 
.1444  ! 
.1448 

.1542 
.1541  , 
.1540 

.1549 
.1646 
.1646 


Load- 
ed. 


.1644 
.1643 
.1642 


Inch. 
.09^4 
.0991 


.0996 
.0991 
.0992 

.0995 
.0994 
.0992  ' 

.1001 
.1008 
.1000 

.1049 
.1019 
.1048 

.1118 
.1116 
.1116 

.1217 
.1214 
.1213 

.1216 
.1215 
.  1212 


Un- 
load- 
ed. 


I  De- 
flec- 
tionH. 


Set«. 


.1322 
.1321 
.1320 


Inch. 
.1320 
.1318 
.1318 

.1320 
.1318 
.1317 

.1319 
.1317 
.1318 

.1328 
.1327 
.1327 

.1376 
.1374 
.1374 

.1444 
.1443 
.  1443 

.1642 
.1540 
.1540 

.1548 
.1546 
.1545 


.1644 
.1642 
.1642 


Inch. 
.0326 
.0827 
.0327 


.0827 
.0326 

.0824 
.0823 
.0326 

.0827 
.0324 
.0327 

.0327 
.0826 


.0827 
.0327 


.0326 


.0831 
.0333 


.0321 
.0822 


.1647 
.1644 
.1644 

.1646 

.1W4 ; 

.1644  I 

.1646 
.1646 
.1644 

.1629 
.1629 
.1628 


.1280  ! 

.1282 

.1283 

.1288 
.1283 
.1280 

.1286 
.1283 
.1282 

.1264 
.1259 
.1259 


.1645 
.1643 
.1643  I 

.1646 
.1643 
.1643 

.1645 
.1643 
.1642 

.1629 
.1626 
.1626 


.0365 
.0361 
.0360 

.0867 
.0860 


.0860 
.0360 
.0860 

.0865 
.0967 


Inch. 
0. 

.0001 
0. 

0. 
0. 
0. 


.0001 
.0001 
.0002 


.0001 


.0001 
.0001 


.0001 


.0001 
0. 
.0001 


.0001 


.0002 
.0001 
.0001 

.0001 
.0001 
.0001 

.0001 
.0002 
.0002 


.0003 
.0003 


Kemarkd. 


Bar  rented  without 
load  an  interval  of  10 
months,  at  the  end  of 
which  rest  the  tent 
was  resumed,  under 
same  conditiond  as 
before. 
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Maxi- 
mum 
fiber 
stress 
per 
square 
Inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

T-oad- 
ed. 

Un- 
load- 
ed. 

Pounds 
50,000 

0 

159,500,000 

a 
b 
c 

a 
b 
c 

a 
b 
c 

Inch. 
.1633 
.1630 
.1629 

.1630 
.1630 
.1629 

.1685 
.1630 
.1630 

Inch, 
.1225 
.1220 
.1221 

.1222 
.1217 
.1218 

.1224 
.1219 
.1218 

Inch. 
.1630 
.1627 
.1626 

.1680 
.1627 
.1626 

.1630 
.1627 
.1626 

Inch. 
.0406 
.0407 
.0405 

.0408 
.0410 
.0408 

.0406 
.0408 
.W07 

Inch. 
.0003 
.0003 
.0003 

0. 
.0003 
.0003 

.0005 
.0003 
.0006 

Bar  ruptured   midway 
the  north  and  south 
middle  bearings. 

1,000 

159,501,000 

9,000 

159,510,000 

344,010 

159,  SM,  050 

No.  310.     Mark8,  9-C  2. 

Turned  down  from  bar  IJ"  diameter;  0.82  per  cent  carbon.     Hot 
rolled  bar. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


MaxI- 
mum 
fiber 
stresB 
per 
square 
inch. 

Pounds 
40,000 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Set«. 

Remarks. 

Suoces.Mivc. 

Total. 

On 
line. 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

0 

0 

Inch. 
.1346 
.1346 
.1343 

.1345 
.1346 
.1345 

.1345 
.1345 
.1344 

.1359 
.1355 
.1352 

.1412 
.1416 
.1413 

.1477 
.1476 
.1475 

.1575 
.  1575 
.1572 

Inch. 
.1018 
.1016 
.1015 

.1020 
.1016 
.1014 

.1009 
.1016 
.1010 

.1020 
.1024 
.1018 

.1077 
.1076 
.1075 

.1143 
.1145 
.1145 

.1242 
.  1244 
.  1242 

Inch. 
.1345 
.1345 
.1*43 

.1345 
.1346 
.1344 

.1844 
.1344 
.1841 

.1366 
.1353 
.1350 

.1412 
.1413 
.1410 

.1474 
.1474 
.14?2 

.1573 
.1574 
.1570 

Inch. 
.0327 
.0329 
.(fi28 

.0325 
.0329 
.0330 

.0335 
.0328 
.0331 

.0335 
.0329 
.0332 

.0336 
.0337 
.0335 

.0331 
.0329 
.0327 

.0331 
.0830 
.0328 

Inch. 
.0001 
.0001 

0. 

0. 
.0001 
.0001 

.0001 
.0001 
.0003 

.0004 
.OOO-i 
.0002 

0. 
.0003 
.0003 

.0003 
.0002 
.0003 

.0002 
.0001 
.0002 

1,000 

1,000 

9,000 

10,000 

189,500 

199,600 

' 

908,000 

1,107,500 

10,640,600 

11,748,100 

39,087,820 

50,785,920 
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Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 

8et8. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

TiOAd- 
ed. 

Un- 
load- 
ed. 

Pounda 
4.\000 

51,314,240 

102,100,160 

a 
b 
c 

a 
b 
c 

Inch. 
.1579 
.1577 
.1575 

.1580 
.1580 
.1576 

Inch. 
.1249 
.1248 
.1244 

.1250 
.1246 
.1246 

Inch. 
.1678 
.1677 
.1674 

.1680 
.1679 
.1576 

Inch, 
.0829 
.0329 
.0330 

.0330 
.0838 
.0330 

Inch. 

.0001 
0. 

.0001 

0. 
.0001 
0. 

Bar  rested  without  load 
an  Interval   of    10 
months,  at  the  end  of 
which  rest  the  test  was 
resumed,  under  same 
conditions  as  before. 

Bar  ruptured  1. "10  south 
of  the  south  edge  of 
north  middle  bearing. 

49,109,090 

151,269,250 

764,110 
2,090 

152,028,860 
152,025,450 

a 
b 
c 

a 
b 
c 

a 

b 
c 

.1679 
.1678 
.1674 

.1677 
.1677 
.1675 

.1678 
.1677 
.1675 

.1861 
.1360 
.1857 

.1867 
.1357 
.1365 

.1358 
.1358 
.1356 

.1678 
.1677 
.1674 

.1676 
.1676 
.1674 

.1677 
.1676 
.1674 

.0317 
.0317 
.0817 

.0819 
.0319 
.0319 

.0319 
.0318 
.0318 

.0001 
.0001 
0. 

.0001 
.0001 
.0001 

.0001 
.0001 
.0001 

1,000 

152,026,450 

10,000 

152,086,450 

464,270 
0 

152,500,720 
152,500,720 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 

b 
c 

a 
b 
c 

.1678 
.1678 
.1676 

.1679 
.1678 
.1675 

.1679 
.1678 
.1677 

.1684 
.1681 
.1679 

.1683 
.1683 
.1679 

.1324 
.1324 
.1320 

.1822 
.1322 
.1320 

.1322 
.1322 
.1819 

.1804 
.1804 
.1302 

.1309 
.1309 
.1306 

.1678 
.1677 
.1675 

.1678 
.1677 
.1675 

.1678 
.1677 
.1676 

.1673 
.1672 
.1669 

.1673 
.1673 
.1670 

.0364 
.0353 
.0366 

.0856 
.0855 
.0356 

.0356 
.0855 
.0856 

.0669 
.0868 
.0367 

.0864 
.0364 
.0366 

0. 
.0001 
.0001 

.0001 
.0001 
0. 

.0001 
.0001 
.0002 

.0011 
.0009 
.0010 

.0010 
.0010 
.0009 

1,000 

152.601,720 

10,010 

162,511,780 

928,280 

158,410,010 

47,580 

158,487,540 

784,440 

154,271,980 
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No.  321.     Marks,  7  X  2,  1. 

Turned  down  from  bar  li"  diameter.     0.25  per  cent  carbon.     An- 
nealed at  low  heat. 
Diameter,  1".     Speed  of  rotation,  500  per  minute 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measur^  on  chord  of  10". 


Maxi- 

fiber 

stress 

per 

square 

inch. 

Number  of  rotaUons. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds 
40,000 

4fi,000 

0 

0 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

Inch. 

.1558 
.1547 
.1568 

.1557 
.1547 
.1668 

.1558 
.1544 
.1568 

.1569 
.1646 
.1670 

.1550 
.1547 
.1569 

.1560 
.1546 
.1571 

Inch. 
.1229 
.1218 
.1234 

.1222 
.1210 
.1229 

.1224 
.1208 
.1235 

.1229 
.1216 
.1239 

.1230 
.1218 
.1238 

.1227 
.1214 
.1236 

Inch. 
.1557 
.1546 
.1666 

.1566 
.1545 
.1666 

.1567 
,1543 
.1568 

.1667 
.1546 
.1568 

.1669 
.1546 
.1569 

.1560 
.1546 
.1570 

Inch. 
.0328 
.0828 
.0832 

.0834 
.0336 
.0837 

.0333 
.0885 
.0838 

.0328 
.0829 
.0329 

.0829 
.0328 
.0881 

.0883 
.0832 
.0836 

Inch. 
.0001 
.0001 
.0002 

.0001 

.0002 

.0001 
.0001 
0. 

.0002 
.0001 
.0002 

0. 

.0001 
0. 

0. 
0, 
.0001 

Bar  rested  without  load 
an    interval    of    10 
months,   at   the  end 
of  which  rest  the  test 
was  resumed,   under 
same    conditions    as 
before. 

Bar  ruptured  ".08  south 
of  the  north  edge  of 
north    middle    oear- 
Ing. 

1,000 

1,000 

9,000 

10,000 

3,168,160 

8, 178, 160 



18,096,740 

21,274,900 

22,901,830 

44,176,730 

754.100 
160 

44,930,830 
44,980,980 

a 
b 
c 

.1664 
.1648 
.1674 

.1334 
.1316 
.1348 

.1664 
.1647 
.1674 

.0330 
.0331 
.0326 

0. 

.0001 
0. 



69,020 
0 

45,000,000 
45,000,000 

a 
b 
c 

a 
b 
c 

a 
b 
c 

.1665 
.1649 
.1674 

.1665 
.1649 
.1675 

.1661 
.1649 
.1676 

.1294 
.1277 
.1305 

.1294 
.1283 
.1304 

.1285 
.1269 
.1299 

.1664 
.1647 
.1674 

.1664 
.1648 
.1674 

.1661 
.1648 
.1673 

.0370 
.0370 
.0369 

.0370 
.0865 
.0370 

.0376 
.0379 
.0874 

.0001 
.0002 
0. 

.0001 
.0001 
.0001 

0. 
.0001 
.0003 

1.000 

45,001,000 

899,790 

45,900,790 

21,850 

45.922,640 

NO.  310. 


NO.  321. 
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No.  322.    Marks,  N  3-E. 

0.17 per  cent  carbon;  8.25  per  cent  nickel.     Metal  in  natural  state 
of  the  ingot. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4''  length  at  middle. 
Deflections  measured  on  chord  of  10". 


I 


i 


Maxi- 

fiber 

atnm 

per 

MOATe 

meh. 

Micrometer  readings 
for  deflecttoDB. 

De- 

flec- 
Uona. 

Seta. 

RemarkH. 

SuccMsiye. 

Totel. 

On 
line. 

Un- 
load- 
ed. 

TiOAd- 
ed. 

Un- 
load- 
ed. 

Awndf 
10,000 

16,000 

20.000 

26,000 

80,000 

0 

0 

A 

b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
e 

a 
b 
c 

Inch. 
.1663 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1660 
.1662 
.1662 

.1660 
.1662 
.1662 

.1668 
.1664 
.1664 

.1660 
.1666 
.1664 

.1664 
.1602 
.1668 

Jncht 
.1579 
.1677 
.1578 

.1578 
.1577 
.1578 

.1578 
.1577 
.1578 

.1587 
.1587 
.1586 

.1587 
.1585 
.1586 

.1585 
.1535 
.1585 

.1498 
.1495 
.1495 

.1496 
.1495 
.1495 

.1495 
.1494 
.1495 

.1455 

.1450 
.1450 

.1460 
.1450 
.14fi0 

.1447 
.1449 
.1450 

.1406 
.1410 
.1406 

.1410 
.1407 
.1407 

.1409 
.1406 
.1409 

Indi, 
.1663 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
M661 
.1661 

.1662 
.1661 
.1661 

.1663 
.1661 
.1661 

.1662 
.1661 
.1661 

.1659 
.1661 
.1661 

.1660 
.1661 
.1661 

.1660 
.1660 
.1660 

.1667 
.1660 
.1660 

.1660 
.1656 
.1660 

Inch. 
.0064 
.0064 
.0088 

.0064 
.0084 
.UU88 

.0064 
.0064 
.0088 

.0125 
.0124 
.0125 

.0125 
.0126 
.0125 

.0127 
.0126 
.0126 

.0164 
.0166 
.0166 

.0167 
.0166 
.0166 

.0167 
.0167 
.0166 

.0207 
.0211 
.0211 

.0209 
.0211 
.0211 

.0218 
.0212 
.0211 

.0254 
.0250 
.0254 

.0247 
.0258 
.0268 

.0260 
.0268 
.0251 

Inch. 
0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

.0001 
.0001 
.0001 

0. 
.0001 
.0001 

.0006 
.0004 
.0004 

.0006 
.0006 
.0004 

.0006 

.0004 
.0008 

Bar  raptured  r '.25  north 
of  the  north  edge  ot 

1,000 

1,000 

9,000 

10,000 

0 

10,000 

1,000 

11,000 

10,000 

21,000 

0 

21,000 

1,000 

22,000 

10,000 

32,000 

0 

32,000 

1,000 

88,000 

10,000 

48,000 

0 

48,000 

1,000 

44,000 

10,000 

64,000 

74,840 

128,840 
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No.  323.     Marks,  C  3-E. 

0.20  per  cent  carbon.     Metal  in  natural  state  of  the  ingot. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 

Length  between  end  supports,  33". 

Loaded  over  4"  length  at  middle. 

Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotation. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Seta. 

Remarks. 

SuccesBive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds 
20,000 

0 

0 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

Inch. 
.1664 
.1673 
.1714 

.1655 
.1666 
.1710 

.1666 
.1668 
.1696 

.1674 
.1671 
.1679 

Inch. 
.1467 
.1480 
.1490 

.1474 
.1478 
.1494 

.1484 
.1488 
.1500 

.1496 
.1503 
.1508 

Inch. 
.1628 
.1640 
.1652 

.1635 
.1640 
.1666 

.1648 
.1650 
.1661 

.1658 
.1665 
.1668 

Inch. 
.0161 
.0160 
.0162 

.0161 
.0162 
.0162 

.0164 
.0162 
.0161 

.0162 
.0162 
.0160 

Inch. 
.0036 
.0083 
.0062 

.0020 
.0026 
.0054 

.0018 
.0018 
.0084 

.0016 
.0006 
.0011 

Hole ''.09  by  M5  deep  in 
shaft  l''.24soutii  of  the 
south  edge  of  south 
middle  bearing. 

Bar  ruptured  ".36  south 
of  the  south  edge  of 
north  middle  bearing. 

1.000 

1,000 

10,000 

11,000 

99,000 

110,000 

690,250 

'800,250 

No.  324.     Marks,  7  X  1,  3. 

Turned  down  from  bar  IJ"  diameter.    0.26  per  cent  carbon.  Annealed 
at  high  heat. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Lenffth  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 
mum 

fiber 
stress 

per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flee- 
lions. 

Sets. 

Remarks. 

Succeasive. 

Totel. 

On 
line. 

Un- 
load- 
ed. 

Iioad- 
ed. 

Un- 
load- 
ed. 

Pounds 
46,000 

0 

0 

a 
b 
c 

a 
b 
c 

a 
b 
c 

Inch. 
.1662 
.1681 
.1676 

.1622 
.1674 
.1682 

.1647 
.1689 
.1642 

Inch. 
.1248 
.1310 
.1298 

.1289 
.1296 
.1294 

.1242 
.1285 
.1270 

Inch. 
.1610 
.1674 
.1664 

.1607 
.1663 
.1660 

.1618 
.1658 
.1639 

Inch. 
.0362 
.0364 
.0366 

.0868 
.0368 
.0366 

.0871 
.0373 
.0369 

Inch. 
.0042 
.0007 
.0011 

.0016 
.0011 
.0022 

.0034 
.0031 
.0003 

Bar  ruptured  '^65  south 
of  the  south  edge  of 
north  middle  bearing. 

1,000 

1,000 

10,000 

11,000 

91,010 

102,010 

NO.  324. 


NO.  325. 
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No.  325.     MarKS,  N  8-D. 

0.17  rer  cent  carbon,  3.26  per  cent  nickel.     Oil  tempered  and 
annealea. 

Diameter,  1."    Speed  of  rotation,  500  per  minute. 
Len^h  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
sqiutre 
Inch. 


Number  of  rotations. 


Successive. 


Total. 


Micrometer  readingrs 
for  deflections. 


On 
line. 


Un- 
load- 
ed. 


Load- 
ed. 


Un- 
load- 
ed. 


De- 
flec- 
tions. 


Bets. 


Remarks. 


P&undt 
10,000 


9,000 


15,000 


1,000 


10,000 


20,000 


1,000 


10,000 


25,000 


1,000 


10,000 


30,000 


1,000 


10,000 


96,000 


66,580 


1,000 


10,000 


10.000 


11,000 


21,000 


21,000 


22,000 


S2,000 


32,000 


83,000 


43,000 


48,000 


44,000 


54.000 


160,000 


216,580 


Inch., 
.1659' 
.1664 
.1657 

.1644 
.1648 
.1642 

.1644 
.1648 
.1641 

.1644 
.1648 
.1641 

.1648 
.1648 
.1641 

.1642 
.1647 
.1642 

.1645 
.1648 
.1642 

.1644 
.1647 
.1642 

.1642 
.1647 
.1642 

.1641 
.1647 
.1642 

.1648 
.1649 
.1642 

.1644 
.1647 
.1642 

.1642 
.1646 
.1648 

.1644 
.1648 
.1642 

.1648 
.1646 
.1689 

.1645 
.1648 
.1643 


Inch. 
.1675 
.1679 
.1572 

.1560 
.1662 
.1567 

.1669 
.1568 
.1567 

.1618 
.1622 
.1514 

.1516 
.1620 
.1615 

.1516 
.1518 
.1515 

.1475 
.1480 
.1473 

.1476 
.1480 
.1472 

.1474 
.1478 
.1472 

.1483 
.1435 
.1480 

.1435 
.1488 
.1481 

.1483 
.1484 
.1430 

.1898 
.1898 


.1398 
.1898 
.1888 

.1890 
.1898 
.1887 

.1889 
.1891 


IncJL 
.1668 
.1664 
.1657 

.1648 
.1647 
.1641 

.1644 
.1647 
.1641 

.1648 
.1647 
.1640 

.1648 
.1647 
.1640 

.1642 
.1646 
.1641 

.1648 
.1646 
.1640 

.1642 
.1646 
.1640 

.1642 
.1647 
.1640 

.1641 
.1646 
.1640 

.1642 
.1647 
.1640 

.1642 
.1645 
.1640 

.1642 
.1645 
.1640 

.1642 
.1645 
.1640 

.1642 
.1644 
.1689 

.1642 
.1646 
.1640 


Inch. 
.0088 
.0085 
.0065 

.0068 
.0085 
.0084 

.0085 
.0084 
.0084 

.0125 
.0126 
.0126 

.0127 
.0127 
.0126 

.0126 
.0128 
.0126 

.0168 
.0166 
.0167 

.0166 
.0166 
.0168 

.0168 
.0169 
.0168 

.0208 
.0210 
.0210 

.0207 
.0209 
.0209 

.0209 
.0211 
.0210 

.0249 
.0252 
.0262 

.0249 


.0252 
.0261 


Inch. 

.0001 
0. 
0. 

.0001 
.0001 
.0001 


.0001 


.0001 
.0001 
.0001 

0. 
.0001 
.0001 


.0001 
.0001 

.0002 
.0002 
.0002 

.0002 
.0001 
.0002 


.0002 


.0002 
.0002 

.0001 
.0002 
.0002 

.0002 
.0002 
.0002 


.0001 
.0006 

.0002 
.0008 
.0002 

.0001 
.0002 
0. 

.0008 

.0002 
.0003 


Bar  raptDied  1".20  south 
of  tbe  south  edge  of 
north  middle  bearing. 
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No.  327.    Marks,  C  3-D. 

0.20  per  cent  carbon.     Oil  tempered  and  annealed. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 

Lien^h  between  end  supports,  33". 

Loaded  over  4"  length  at  middle. 

Deflections  measured  on  a  chord  of  lO' . 


Maxi- 
mum 
flber 
stress 
per 
square 
Inch. 


Number  of  rotations. 


SuccesBive. 


Total. 


Micrometer  readings  for 
deflections. 


On 

line. 


Un- 
load- 
ed. 


Load- 
ed. 


Un- 
load- 
ed. 


De- 
flec- 
tions. 


Sets. 


Remarks. 


Pounds 
20,000 


1,000  1.000 


I 


109,000 


8,890,000 


25,000 


1,000 


9.000 


990,000 


80,000 


1,000 


9,000 


19,940 


110,000 


9,000,000 


9,000,000 


9,001,000 


9,010,000 


10,000,000 


10,000,000 
10,001,000 


10,010,000 


10,029,940 


If%ch. 
.1648 
.1648 
.164& 

.1648 
.1644 
.1644 

.1647 
.1644 
.1644 

.1647 
.1660 
.1646 

.1647 
.1650 
.1646 

.1646 
.1662 
.1647 

.1646 
.1650 
.1646 

.1646 
.1662 
.1649 

.1647 
.1652 
.1648 

.1643 
.1668 
.1660 

.1648 
.1652 
.1652 


Inch. 
.1486 
.1483 
.1481 

.1484 
.1480 
.1483 

.1487 
.1482 
.1488 

.1488 
.1488 
.1488 

.1445 
.1448 
.1446 

.1447 
.1450 
.1444 

.1442 
.1447 
.1443 

.1489 
.1487 
.1442 

.1899 
.1403 
.1402 

.1896 
.1402 
.1401 

.1394 
.1397 
.1400 


Inch. 
.1648 
.1648 
.1644 

.1648 
.1642 
.1648 

.1647 
.1614 
.1644 

.1645 
.1650 
.1646 

.1646 
.1650 
.1645 

.1645 
.1660 
.1645 

.1644 
.1650 
.1645 

.1644 
.1640 
.1646 

.1644 
.1648 
.1645 

.1642 
.1648 
.1645 

.1641 
.1644 
.1646 


Inch. 
.0162 
.0160 
.0168 

.0164 
.0162 
.0160 

.0160 
.0162 
.0161 

.0162 
.0162 
.0168 

.0200 
.0202 


.0198 
.0200 
.0201 


.0205 
.0208 
.0204 


.0246 
.0246 
.0244 

.0247 
.0247 
.0246 


Inch. 
0. 
0. 
.0001 


.0002 
.0001 

0. 
0. 
0. 

.0002 
0. 
0. 

.0002 
0. 
.0001 

.0001 
.0002 
.0002 

.0001 
0. 
.0001 

.0001 
.0012 
.0008 

.0008 
.0004 
.0008 

.0001 
.0005 
.0005 

.0007 
.0008 
.0006 


Bar  ruptured  ^^.85  south 
of  the  south  edge  of 
north  middle  bearine. 
beginning  at  a  small 
cavity  at  the  circum- 
ference. 


NO.  327. 
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No.  328.     Marks,  7x2,  5. 

Turned  down  from  bar  li"  diameter.     0.25  per  cent  carbon.     Oil 
tempered  and  annealed  at  low  heat. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Len^h  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 

•mum 
fiber 
BtresB 
per 
square 
inch 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds 
45,000 

0 

0 

a 
b 

a 
b 

a 
b 

Inch. 
.1618 
.1647 

.1610 
.1662 

.1609 

Inch. 
.1282 
.1280 

.1288 
.1280 

.1283 
.1278 

.1229 
.1279 

.1244 
.1272 

Inch. 
.1614 
.1645 

.1607 
.1649 

.1607 
.1648 

.1608 
.1658 

.1615 
.1648 

.0962 
.0865 

.0809 
.0869 

.0674 
0875 

Inch. 
.0004 
.0002 

.0008 
.0006 

.0002 
nnru 

Shaft  ran  out  of  line  at 
middle  of  lemrth,  re- 
straightened  by  bend- 
ing outside  of  middle 
bearings. 

Shaft  ruptured  at  north 
edge  of  south  middle 
bearing. 

1,000 

1,000 

9,000 

10,000 

658,860 

668,860 

a      .1604 
b      .1667 

1  

.0874  1    .0001 
.0874  ,    -OOM 

0 

668.860 

a 
b 

.1620 
.1647 

*  [ 

.0871 
.0871 

.0005 

.0004 

8,728,120 

4,896,480 

No.  329.     Marks,  7x1,  6. 

Turned  down  from  bar  li"  diameter.     0.26  per  cent  carbon.     Oil 
tempered  and  annealed  at  low  heat. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 

Lenffth  between  end  supports,  33". 

Loaaed  over  4"  length  at  middle. 
•    Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 

flec- 
Uons. 

SeUk 

Remarks. 

Successive. 

Total. 

•On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

PoumlB 
45,000 

0 

0 

a 
b 

a 
b 

a 
b 

a 
b 

JficA. 
.1647 
.1688 

.1647 
.1686 

.1655 
.1688 

.1658 
.1685 

Inch. 
.1278 
.1262 

.1277 
.1264 

.1274 
.1247 

.1271 
.1250 

Inch. 
.1648 
.1627 

.1640 
.1628 

.1648 
.1618 

.1640 
.1620 

Inch. 
.0665 
.0865 

.0668 
.0064 

.0869 
.0871 

•2S 

.0870 

Inch. 
.0004 
.0006 

.0007 
.0006 

.0012 
.0015 

.0018 
.0015 

Bar  ruptured  I^^.IO  south 
of  the  south  edge  of 
north  middle  bearing. 

1,000 

1,000 

9,000 

10,000 

90,000 

100,000 

94,470 

194,470 
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No.  330.     Marks,  7X1,  2. 

Turned    down  from    bar    li"  diameter.     0.26  per    cent  carbon. 
Annealed  at  low  heat. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Lenffth  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measur^  on  chord  of  10". 


Maxi- 

Tniim 

fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 

flec- 
Uons. 

Bets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

I\mnd8 
45,000 

0 

0 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1638 
.1688 

.1687 
.1634 

.1689 
.1635 

.1640 
.1628 

Inch, 
.1268 
.1263 

.1267 
.1263 

.1266 
.1262 

.1262 
.1267 

Inch, 
.1637 
.1682 

.1687 
.1688 

.1636 
.1681 

.1634 
.1628 

Inch. 
.0369 
.0869 

.0370 
.0870 

.0870 
.0869 

.0872 
.0371 

Inch. 
.0001 
.0001 

0. 
.0001 

.0006 
.0004 

.0006 
0. 

Bar  ruptured  1".85  south 
of  the  south  ed^re  of 
north  middle  bearing. 

1,000 

1,000 

9,000 

10,000 

90,000 

100,000 

1,772,840 

1.872,840 

No.  331.     Marks,  7x1,  4. 
Turned  down  from    bar  li" 


diameter.     0.26    per  cent  carbon. 


Annealed  at  high  heat. 

Diameter,  1  .     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measurwi  on  chord  of  10". 


Maxi- 

fiher 

stress 

per 

square 

inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

TxMid- 
ed. 

Un- 
load- 
ed. 

Pounds 
45,000 

0 

0 

a 
b 

a 
b 

a 
b 

a 

b 

Inch. 
.1639 
.1638 

.1648 
.1644 

.1635 
.1650 

.1649 
.1658 

Inch. 
.1267 
.1269 

.1268 
.1262 

.1256 
.1253 

.1243 
.1249 

Inch. 
.1686 
.1686 

.1629 
.1680 

.1628 
.1624 

.1625 
.1625 

Inch. 
.0369 
.0366 

.0866 
.0368 

.0868 
.0371 

.0882 
.0876 

Inch. 
.0003 
.0008 

.0014 
.0014 

.0012 
.0026 

.0024 
.0038 

Bar  ruptured  I'^.SO  south 
of  the  south  edge  of 
north  middle  bearing. 

1,000 

1,000 

9,000 

10,000 

90.000 

100,000 

235,100 

885,100 

NO.  329. 


NO.  330. 


FRACTURED  ENDS  OF  ENDURANCF   SHAFTS. 


HEU'OTYPE    CO.,    BOSTON. 


F^••v,"lUK•  :•  c->,-  ^  (i[   ^»,:  II  .A-.i  ^  sri.'-rs. 
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No.  332.     Marks,  7x1,  6. 

Turned  down  from  bar  li"  diameter;  0.26  per  cent  carbon.     Oil- 
tempered  and  annealed  at  low  heat. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Len^di  between  end  supports,  33". 
Loaded  over  4''  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxl- 
mam 
fiber 
streflB 
per 
flqnare 
Inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Inch, 
.0668 
.0668 

.0368 
.0668 

.0670 
.0669 

.0671 
.0671 

Set 

Remarks. 

Successiye. 

TOtel. 

On 

line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds 
46,000 

0 

0 

a 
b 

a 

b 

a 
b 

a 
b 

Inch. 
.1681 
.1687 

.1635 
.1686 

.1628 
.1639 

.1640 
.1689 

Inch. 
.1262 
.1268 

.1262 
.1262 

.1267 
.1260 

.1257 
.1266 

Inch. 
.1630 
.1631 

.1680 
.1690 

.1627 
.1629 

.1628 
.1627 

Inch, 
.0001 
.0006 

.0006 

.0006 

.0001 
.0010 

.0012 
.0012 

Bar  ruptured  1''.05  south 
of  the  south  edge  of 
north  middle  bearing. 

1,000 

1,000 

9,000 

10,000 

90,000 

100,000 

1,176,860 

1,276,850 

No.  333.     Marks,  7  X  1,  8. 

Turned  down  from  bar  li"  diameter.     0.26  per  cent  carbon.     Oil 
tempered  and  annealed  at  high  heat. 
Diameter,  1".     Speed  of  rotation,  600  per  minute. 
Lengtti  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measur^  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

SuocesBive. 

Total. 
0 

On 
Une. 

Un- 
load- 
ed. 

Load- 
ed. 

Inch. 
.1266 
.1276 

.1262 
.1280 

.1269 
.1288 

.1266 
.1279 

Un- 
load- 
ed. 

Inch. 
.1684 
.1645 

.1630 
.1648 

.1628 
.1652 

.1628 
.1651 

i\>ttiMfir 
45,000 

0 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1685 
.1646 

.1632 
.1660 

.1630 
.1654 

.1630 
.1664 

Inch. 
.0868 
.0869 

.0668 
.0068 

.0609 
.0969 

.0872 
.0872 

IncJi. 
.0001 
.0001 

.0002 
.0002 

.0002 
.0002 

.0002 
.0008 

Bar    ruptured  1^.50 
north    of   the    north 
edge  of  south  middle 
bearing. 

1,000 

1,000 

9,000 

10,000 

90.000 

100,000 

4,778,810 

4,878,310 

H.  Doc.  336 18 
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No.  336.     Marks,  7  X  2,  3. 

Turned  down  from  bar  li"  diameter.   0. 25  per  cent  carbon.   Annealed 
at  high  heat. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Mazi- 
nmin 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
eti. 

ed. 

Un- 
load- 
ed. 

Pounds. 
45,000 

0 

0 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1667 
.1663 

.1643 
.1662 

.1687 
.1652 

.1658 
.1647 

Inch. 
.1260 
.1257 

.1260 
.1264 

.1268 
.1253 

.1268 
.1252 

Inch. 
.1634 
.1629 

.1636 
.1628 

.1637 
.1628 

.1640 
.1628 

Inch. 
.0374 
.0872 

.0876 
.0374 

.0874 
.0876 

.0372 
.0376 

Inch. 
.0028 
.0024 

.0007 
.0024 

0. 
.0024 

.0018 
.0019 

Bar  ruptured  ".10  south 
of  the  north  edge  of 
north  middle  bearine, 
under  the  north  mid- 
dle bearing. 

1.000 

1,000 

9,000 

10,000 

90,000 

100,000 

586,600 

635,600 

I 

1 

1 

NO.  333. 


NO.  336. 


FRACTURED  ENDS  OF  ENDURANCE   SHAFTS. 


MFt.OTVPE    CO.,    BOSTON. 
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Chemical  Analyses,  Endurance  Shafts. 
CHEMICAL  ANALYSES  OF  MATERIAL  IN  ENDURANCE  SHAFTS. 

WATERTOWN  ARSENAL  DETERMINATIONS. 


No.  of 
shaft. 

Carbon. 

Manganese. 

SUloon. 

Sulphur. 

Phosphonu. 

Copper. 

Nickel. 

280 
282 
284 
286 
288 
290 
292 
298 
294 
321 
824 

.281 
.600 
.471 
.415 
.241 
.290 
.252 
.250 
.700 
.255 
.275 

.522 
.980 
.661 
.552 
.660 
.763 
.652 
.642 
.450 
.646 
.550 

.122 
.800 
.123 
.182 
.106 
.188 
.079 
.083 
.230 
.082 
.140 

.018 
.060 
.030 
.030 
.065 
.065 
.029 
.082 
.040 
.027 
.060 

.024 
.044 
.024 
.028 
.040 
.021 
.022 
.021 
.026 
.022 
.029 

.038 
.200 

8.264 
27.601 

.072 
.057 
.066 

5.758 
4.560 
4.50 

.055 
.086 

4.601 
3.810 

TENSILE  SPECIMENS  FROM  ENDS  OF  RUPTURED 
ENDURANCE  SHAFTS. 
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TENSILE   8PE0IMBN8   FBOM   RUPTUBED   ENDURANCE   SHAFTS,       281 


Tensile  Specimens  from  Ruptured  Endurance  Shafts. 

Specimens  taken  from  the  ends  of  the  ruptared  bars. 

Tne  marks  give  the  test  number  of  the  endurance  shaft,  also  the 
figures  and  letters  which  were  employed  to  identify  the  grade  and 
treatment  of  the  metal. 


Cz: — P =r 


if 


No.  7492. 

Bethlehem  Steel,  Nickel.     Annealed. 

Marks,  280,  7X1  S. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Grauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  578. 


square 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Poundt. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
60,000 
65,000 
60,000 

51,000 
62,000 
58,000 
54.000 
55.000 
66,000 
58,000 
60,000 
62,000 
64.000 
66,000 
68,000 
70,000 
72,000 
74,000 
76.000 
78.000 
79,840 
0 

Inch. 

0. 

.0008 
.0010 
0020 
.0090 
.0065 
.0040 
.0060 
.0065 
.0410 

.0485 

.0460 

.0490 

.0510 

.0508 

.0668 

.0710 

.0860 

.0960 

.1090 

.1280 

.1430 

.1600 

.20 

.23 

.27 

.88 

Inch, 

0. 

0. 

Initial  load. 

Elastic  limit. 

On  reapplication  of  load,  rapid  elongation  took  place 
about  d5,000  pounds  load. 

Tensile  strength, 
i^  80  per  cent. 



0. 
0. 
.0001 

flt 

.0624 



.90 

Elongation  of  inch  sections,  ".18,  ".52,*  ".20. 
Diameter  at  fracture,  ".36;  area,  .1018  square  inch. 
Contraction  of  area,  59.3  per  cent. 
Fractured  at  middle  of  stem. 
Appearance,  fine  silky. 
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No.  7493. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 

Marks,  281,  7X1  HS. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Grauged  length,  3". 

For  endurance  test  see  Report  of  1896,  page  679. 


Applied 

loaasper 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set 

Pounds. 
1,000 
6,000 
10,000 
20,000 
30,000 
36,000 
40,000 
60,000 
66,000 
60,000 
64,000 
66,000 
60,000 
61,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
82,000 
84.000 
86,000 
88,000 
89,680 
0 

Inch. 

0. 

.0003 
.0010 
.0020 
.0081 
.0086 
.0041 
.0061 
.0068 
.0063 
.0068 
.0076 
.0186 
.0400 
.0480 
.0650 
.0680 
.0700 
.0836 
.10 
.11 
.12 
.14 
.16 
.18 
.21 
.26 
.82 

Inch. 

0. 

0. 

InlUal  load. 
Elastic  limit. 

Tensile  strength, 
a  26.3  per  cent. 

0. 

0. 
0. 
0. 
0. 

.0011 

.0740 

.76 

Elongation  of  inch  sections,  ".14,  ".19,  ".43*. 
Diameter  at  fracture,  ".36;  area,  .0962  square  inch. 
Contraction  of  area,  61.6  per  cent. 
Fractured  l".l  from  the  neck.     Api)earance,  fine  silky. 
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No.  7494. 

Bethlehem  Steel,  Nickel.     Annealed. 

Marks,  282,  7x4  S. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  584. 


sqiuire 
inch. 

In  ganged  length. 

RemarkH. 

Elonga- 

Set 

Powtdi. 
1,000 
6,000 
10,000 
20,000 
80,000 
85,000 
40,000 
45,000 
60,000 
64,000 
65,000 
66,000 
57,000 
68.000 
69,000 
60,000 
61,000 
62,000 
68,000 
64,000 
65,000 
66,000 
68.000 
70,000 
74,000 
78,000 
82,000 
86,000 
90,000 
04,000 
1U,200 
0 

Inehet. 
0. 

.0004 
.0012 
.0024 
.0069 
.0044 
.0061 
.0068 
.0067 
.0072 
.0079 
.0069 
.0006 
.0101 
.0110 
.0129 
.0189 
.0178 
.0190 
.0280 
.0292 
.0808 
.0620 
.0671 
.10 
.14 
.17 
.21 
.26 
.82 

Inch. 

0. 

0. 

Initial  load. 
ElaiiUc  limit. 

Tensile  strength. 
=  85.7  per  cent 

0. 

0. 
0. 
.0001 

.0009 

•■■■•:6668" 

.0207 

1.07 

Elongation  of  inch  sections,  ".28,  ".29,  ".50*. 

Diameter  at  fracture,  ".37;  area,  .1076  square  inch. 

Contraction  of  area,  57  per  cent. 

Fractured  l".l  from  the  neck.     Appearance,  fine  silky,  serrated. 


284      TEKSUiE  8P£CIMBK8  FBOM   BUPTUB£D  BNDUBAKOE   SHAFTS. 

No,  7495. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 

Marks,  283,  7X4  HS. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Grauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  585. 


AppUed 

loaoBper 

square 

inch. 

In  gauged  length. 

RemarkH. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
80,000 
86,000 
40,000 
42,000 
48,000 
44,000 
46,000 
46,000 
47,000 
48,000 
49,000 
50,000 
62,000 
54,000 
66,000 
60,000 
64,000 
68,000 
70,000 
74,000 
78,000 
82,000 
86,000 
90,000 
94,000 
98,000 
103,620 
0 

Inches. 
0. 
.0006 

.0011 

.0024 

.0068 

.0048 

.0060 

.0054 

.0069 

.0062 

.0070 

.0108 

.0186 

.0276 

.0290 

.0390 

.0575 

.0772 

.0925 

.1358 

.17 

.21 

.22 

.27 

.82 

.87 

.42 

.49 

.59 

.71 

Inch. 
.0 
.0 

Initial  load. 
Elastic  limit. 

0. 

0. 

.0011 

.0325 

Tensile  strength. 

1.38 

=  44.3  per  cent 

Elongation  of  inch  sections,  ".33,  ".39,  ".61*. 
Diameter  at  fracture,  ".35;  area,  .0962  square  inch.- 
Contraction  of  area,  61.5  per  cent. 
Fractured  l".l  from  the  neck.     Appearance,  fine  silky 
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No.  7496. 

Bethlehem  Steel.     Annealed. 

Marks,  284,  7  X  7  S. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  688. 


Applied 

loads  per 

8quare 

inch. 

In  gauged  length. 

Kemarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
90,000 
35,000 
40,000 
45,000 
48,000 
49,000 
50,000 
45,000 
46,000 
47,000 
48.000 
49,000 
50,000 
51.000 
52,000 
54,000 
56,000 
60,000 
64,000 
68,000 
72.000 
76,000 
80,000 
84,000 
88,000 
92,000 
94,080 
0 

Inch. 

0. 

.0003 
.0010 
.0020 
.0030 
.0035 
.0040 
.0047 
.0050 
.0051 

Inch. 

0. 

0. 

IniUal  load. 

Elastic  limit 

Momentarily  reached,  load  fell. 

Tensile  strength. 
=  25  per  cent. 

0. 
0. 

.0122 

.0142 

.0280 

.0257 

.0265 

.0290 

.0811 

.0332 

.0875 

.0422 

.0525 

.0689 

.0760 

.0910 

.1087 

.1325 

.17 

.21 

.33 

.76 

Elongation  of  inch  sections,  ".16,  ".40*,  ".19. 
Diameter  at  fracture,  ".42;  area,  .1385  square  inch. 
Contraction  of  area,  44.6  per  cent. 
Fractured  1".56  from  the  neck.     Appearance,  silky. 


286      TENSILE   SPECIMENS   FBOM   RUPTURED   ENDURANCE   SHAITTS. 

No.  7497. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 

Marks,  285,  7x7  HS. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3''. 

For  endurance  test  see  Report  of  1895,  page  589. 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga^ 
tion. 

Set 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
35.000 
40,000 
45,000 
50,000 
55,000 
60,000 
61,000 
62,000 
60,000 
61,000 
62,000 
68,000 
64,000 
66,000 
68.000 
72,000 
76,000 
80,000 
84,000 
88,000 
92,000 
96,000 
100,000 
104,000 
105,120 
0 

Inch, 
0. 
.0004 

.mo 

.0021 
.0081 
.0087 
.0042 
.0048 
.0053 
.0050 
.0062 
.0063 

Inch. 

0. 

0. 

Initial  load. 
ElasUc  limit 

Tensile  strength. 
=20.7  per  cent 

0. 

0. 

0. 

.0065 

.0135 

.0250 

.0260 

.0270 

.0290 

.0332 

.0887 

.0480 

.0580 

.0700 

.0640 

.0985 

.1190 

.15 

.20 

.81 

.62 

Elongation  of  inch  sections,  ".13,  ".13,  ".36*. 

Diameter  at  fracture,  ",40;  area,  .1257  square  inch. 

Contraction  of  area,  49.7  per  cent. 

Fractured  ".9  from  the  neck.     Appearance,  silky,  cup-shajied. 


T£NSIL£   BJe£CIK£ICS   FBOK  BUFTUB£J>  ENPUBANGJS  SHAFTS.       287 

No.  7498. 

Bethlehem  8teel.     Annealed. 

Marks,  286,  7x6  S. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Beport  of  1895,  page  687. 


square 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
Uon. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000  . 
44,000 
45,000 
42,000 
•  48.000 
44,000 
15.000 
46,000 
47,000 
48,000 
50,000 
52,000 
66,000 
60,000 
64,000 
68,000 
72,000 
76,000 
80,000 
82,430 
0 

Inch, 

0. 

.0008 
.0009 
.0019 
.0029 
.0084 
.0039 
.0048 
.0044 
.0090 
.0160 
.0886 
.0841 
.0360 
.0685 
.0420 
.0485 
.0660 
.0700 
.0846 
.1060 
.1880 
.1630 
.22 
.82 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
«=i29  per  cent. 

0. 

.87 

Elongation  of  inch  sections,  ".20,  ".45*,  ".22.. 
Diameter  at  fracture,  ".39;  area,  .1194  square  inch. 
Contraction  of  area,  52.2  per  cent. 
Fractured  1".5  from  the  neck.     Appearance,  silky. 


288      TEKSILE   SPEGIMEKS   FROM   BUPTUBED   ENDURAIfCE   SHAFTS. 

No.  7499. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 

Marks,  287,  7X6  HS. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  587. 


Applied 

loads  per 

square 

inch. 

In  ganged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

PoutuU. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
50,000 
54,000 
55,000 
51,000 
52.000 
53.000 
54.000 
55,000 
56,000 
58,000 
60,000 
64,000 
68,000 
72,000 
76,000 
80,000 
84,000 
88,000 
90,000 

Inch. 

0. 

.0003 
.0009 
.0020 
.0080 
.0085 
.0040 
.0060 
.0054 
.0055 
.0150 
.0225 
.0245 
.0270 
.0295 
.0328 
.0386 
.0450 
.0580 
.0720 
.0900 
.1106 
.1390 
.18 
.26 

Inch. 
0. 

Initial  load. 

• 

0. 
0. 

Elastic  limit. 

Load  fell. 

Tensile  strength. 
«25  per  cent. 

.75 

Elongation  of  inch  sections,  ".15,  ".22,  ".38*. 
Diameter  at  fracture,  ".36;  area,  .1018  square  inch. 
Contraction  of  area,  59.3  per  cent. 
Fractured  1".17  from  the  neck.     Appearance,  silky. 


TENSILE   SPECIMENS   FBOM   EUPTUBED   ENDUBANCE   SHAFTS.       289 

No.  7500. 

Bethlehem  Steel.     Annealed. 

Marks,  288,  7X5  S. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  report  of  1895,  page  58(>. 


Applied 
loaas  per 

square 

inch. 


Pounds. 
1,000 
5,000 
10,000 
20,000 
90.000 
86.000 
40.000 
41.000 
87,000 
88,000 
89.000 
40.000 
41.000 
42.000 
48,000 
44,000 
46,000 
48,000 
&2,000 
56,000 
60,000 
64,000 
68.000 
70,880 
0 


In  gauged  length. 


Elonga- 
tion. 


Jrtch. 

0. 

.0008 
.0009 
.0019 
.0029 
.0088 
.0089 
.0040 
.0175 
.0210 
.0320 
.0450 
.0458 
.0490 
.0520 
.0570 
.0650 
.0740 
.0980 
.1265 
.17 
.23 
.38 


Set. 


Inch. 

0. 

0. 


Remarks. 


Initial  load. 


ElasUc  limit 


I  Tensile  strength. 
»  83  per  cent 


.55*,  ".22. 


Elongation  of  inch  sections,  ".22, 

Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 

Contraction  of  area,  61.5  per  cent. 

Fractured  1".84  from  the  neck.     Appearance,  silky. 

H.  Doc.  335 19 


290      TENSILIC   SPJECDCENS   FBOM   BUPTUBED   £NDU£ANC£   SHAITTS. 

No.  7501. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 

Marks,  289,  7  X  5  HS. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  586. 


Applied 

loaoBper 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
35,000 
40,000 
44,000 
45,000 
40,000 
41.000 
42,000 
48.000 
44,000 
45.000 
46,000 

Inch. 

0. 

.0003 
.0010 
.0020 
.0081 
.0066 
.0040 
.0043 
.0070 
.0110 
.0140 

Inch. 

0. 

0. 

Initial  load. 

0. 

ElasUc  limit 
Tensile  strength. 

.0285 

.0005 
.0350 
.0880 

48,000              .0515 
62,000              .0700 
56,000              .OQfiV) 

60,000 
64,000 
68,000 
72.000 
72,080 
0 

.1210 
.16 
.22 
.47 

.92 

=  80. 7  per  cent.                                                                           j 

Elongation  of  inch  sections,  ".27,  ".49*,  ".16. 
Diameter  at  fracture,  ".31;  area,  .0755  square  inch. 
Contraction  of  area,  69.8  per  cent. 
Fractured  1".5  from  the  neck.     Appearance,  silky 


TENSILE   SPECIMENS   FROM   RUPTURED   ENDURANCE   SHAFTS.       291 

No.  7502. 

Bethlehem  Steel,  Nickel.     Annealed. 

Marks,  290,  7X3  S. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1896,  i>age  582. 


.      ...  In  Kaiiifed  length. 

Applied  ! 

loads  per  ' ; 

•!1"V«  ,    Elonga- 


Inch. 


Paundt. 

1,000 

5,000 

10,000 

20,000 

30.000 

86.000 

40,000 

50,000 

00,000 

65,000 

70,000 

75.000 

78,000 

79.000 

80.000 

81,000 

82.000 

83,000 

84,000 

88,000 

92,000 

96,000 

100,000 

104,000 

108,000 

0 


Uon. 


Jneh. 

0. 

.0008 
.0010 
.0020 
.0061 
.0086 
.0041 
.0052 
.0063 
.0069 
.0078 
.0079 
.0065 
.0088 
.0109 
.0128 
.0210 
.0260 
.0820 
.0675 
.0820 
.1046 
.1890 
.18 
.32 
.57 


Set. 


0. 
0. 
0. 
0. 
0. 
0. 


.0021 


RemarkP. 


Initial  load. 


Elastic  limit. 


Tensile  strength. 
=19  per  cent. 


Elongation  of  inch  sections:  ".37*,  ".11,  ".09. 
Diameter  at  fracture,  ".37;  area,  .1075  square  inch. 
Contraction  of  area,  57  per  cent. 
Fractured  ^'.9  from  the  neck.     Appearance,  fine  silky. 


292      TENSILE   SPECIMENS   FROM   BUPTUEED   ENDUBANCE   SHAFTS. 

No.  7503. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed 

Marks,  291,  7x3  HS. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  583. 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Ittch. 

0. 

0. 

Pounds. 

1,000 

5.000 

10,000 

20,000 

80,000 

40,000 

50,000 

60,000 

70,000 

75,000 

80,000 

90,000 

100,000 

108,000 

109,000 

110,000 

111,000 

112,000 

114,000 

116,000 

118,000 

120,000 

124,000 

125,760 

0 

Inch. 

0. 
.0008 
.0010 
.0020 
.0081 
.0041 
.0052 
.0061 
.0071 
.0076 
.0081 
.0091 
.0101 
.0108 
.0110 
.0190 
.0480 
.0690 
.0680 
.0850 
.11 
.13 
.19 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



• 

.65 

=18.8  per  cent. 

Elongation  of  inch  sections:  ".35*,  ".12,  ".08. 

Diameter  of  fracture,  ".35,  area,  .0962  square  inch. 

Contraction  of  area,  61.5  per  cent. 

Fractured  ".95  from  the  neck.     Appearance,  fine  silky,  serrated. 


TENSILE   SPECIMENS   FROM   RUPTUBED   ENDURANCE    SHAFTS.       293 

No.  7604. 

Bethlehem  Steel,  Nickel.     Annealed. 

Marks,  292,  7  X  2  S. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1896,  page  580. 


Applied 

loads  per 

square 

inch. 


Pounds. 
1,000 
6,000 
10,000 
20.000 
80.000 
S6.000 
40.000 
60,000 
60,000 
62.000 
61,000 
62.000 
6S,000 
64,000 
66.000 
68.000 
72,000 
76.000 
80,000 
84.000 
88,000 
92,000 
92.880 
0 


Remarks. 


Initial  load. 


Elastic  limit. 


Tensile  strength. 
=»  25  per  cent. 


Elongation  of  inch  sections:  ".15,  ".26,  ".35*. 

Diameter  at  fracture,  ".37;  area,  .1075  square  inch. 

Contraction  of  area,  57  per  cent. 

Fractured  1".25  from  the  neck:     Appearance,  fine  silky,  cup-shaped. 


294       TENSILE   SPECIMENS   FROM   RUPTUBED   ENDURANCE   SHAFTS. 

No.  7505. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 

Marks,  293,  7x2  HS. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  581. 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remark.«). 

Pounds. 

1,000 

6,000 

10,000 

20,000 

30,000 

40,000 

60,000 

60,000 

70,000 

80,000 

90,000 

100,000 

101,000 

97,000 

98,000 

99,000 

100,000 

101,000 

102,000 

104,000 

106,000 

106,000 

112.000 

116.000 

116.800 

0 

Inch. 

0. 
.0003 
.0010 
.0020 
.0030 
.0040 
.0061 
.0061 
.0071 
.0081 
.0091 
.0101 
.0103 
.0160 
.0190 
.0310 
.0520 
.0600 
.0660 
.0885 
.0973 
.1140 
.1500 
.24 

Inch. 

0. 

0. 

Initial  load. 

Klastic  limit. 

Tensile  strength. 
=19  per  cent. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

.57 

Elongation  of  inch  sections:  ".10,  ".17,  ".30*. 

Diameter  at  fracture,  ".36;  area,  .1018  square  inch. 

Contraction  of  area,  59.3  per  cent. 

Fractured  1".15  from  neck.     Appearance,  line  silky,  serrated. 


TENSILE   SPECIMENS   FROM   RUPTUBED   ENDURANCE   SHAFTS.       295 

No.  7506. 

Bethlehem  Steel.     Annealed.  . 

Marks,  294,  7X8  S. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  690. 


founds. 

Tneh.      \ 

1,000 

0. 

6,000 

.0006 

10,000 

.0009 

20,000 

.0019 

30,000 

.0029 

40.000 

.0089 

60,000 

.0049 

56,000 

.0067 

67,000 

.0076 

68.000 

.0089 

60,000 

.0102 

60.000 

.0112 

61.000 

.0128 

62,000 

.0137 

64.000 

.0160 

68.000 

.0220 

72,000 

.0276 

76,000 

.0880 

80.000 

.0890 

84.000 

.0456 

88.000 

.0680 

92.000 

.0606 

96,000 

.0660 

100.000 

.0786 

104.000 

.09 

108,000 

.10 

112,000 

.12 

116,000 

.18 

120,000 

.16 

124,000 

.19 

127,760 

0 

.85 

Inch. 

0. 

0. 


0. 
0. 


.0043 


Remarkn. 


Initial  load. 


Elastic  limit. 


Tensile  strength. 
=  11.7  per  cent. 


Elongation  of  inch  sections:  ".08,  ".10,  ".17*. 
Diameter  at  fracture,  ".60;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 

Fractured  ".8  from  the  neck.     Appearance,  granular,  dull  silky 
spot  near  the  center. 


296      TENSILE   SPECIMENS   FROM   KUPTUBED  ENDURANCE    SHAFTS. 

No.  7507. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 

Marks,  295,  7x8  HS. 

Dianieter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3." 

For  endurance  test  see  Report  of  1895,  page  591. 


AppUed 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6.000 
10,000 
20,000 
30,000 
40.000 
60,000 
60.000 
70,000 
80.000 
82,000 
gS,000 
84,000 
86,000 
86,000 
88,000 
90,000 
92,000 
96,000 
100,000 
104,000 
108,000 
112,000 
116,000 
120,000 
128,000 
186,000 
144,000 
162.000 
162,600 
0 

Inch. 

0. 
.0004 
.0010 
.0020 
.0030 
.0040 
.0060 
.0061 
.0071 
.0081 
.0084 

Inch. 

0. 

0. 

Initial  load 
jnastlc  limit. 

Tensile  strength. 
=  12.7  per  cent. 

u. 

0. 
0. 
0. 
0. 

.0089 
.0099 
.0113 
.0129 
.0140 
.0168 
.0178 
.0280 
.0288 
.0342 
.0400 
.0460 
.0640 

.0608 
.08 
.10 
.13 

.0450 

.26 

.:w 

Elongation  of  inch  sections:  ".08,  ".17*,".13*. 
Diameter  at  fracture,  ".47;  area,  .1735  square  inch. 
Contraction  of  area,  30.6  per  cent. 

Fractured  1".13  from  the  neck.     Appeai-ance,  fine  granular,  dull 
silky  spot  at  center. 


TENSILE   8PECIMEKS   FBOM   BUFTURED   EKDUBAKCE   SHAFTS.       297 

No.  7508. 

Gautier  Steel.     Hot  rolled  bar. 

Marks,  300,  9-Cl. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test,  see  present  Report,  page  259. 


Applied 

loads  per 

Rquare 

inch. 


In  gauged  length. 


Elonga- 
tion. 


J_ 


Poundi. 
1,000 
6.000 
10,000 
20.000 
80,000 
40.000 
50,000 
60,000 
66,000 
67,000 
68.000 
69,000 
70,000 
72.000 
74,000 
76,000 
78,000 
80,000 
84,000 
88,000 
92,000 
96,000 
100,000 
104,000 
106,000 
116,000 
124.000 
132,000 
140,000 
147,600 


Inch. 

0. 
.0003 
.0010 
.0020 
.0080 
.0040 
.0060 
.0060 
.0067 
.0078 
.0111 
.0120 
.0186 
.0160 
.0178 
.0196 
.0216 
.0286 
.0280 


.0448    ' 

.0600    I 

.06 

.07 

.06 

.10 

.12 

.16 


Set. 


.27 


Inch, 

0. 

0. 


0. 
0. 
0. 


Remarkfi. 


.0190 


.0849 


Initial  load. 


ElasUc  limit. 


Tensile  strength. 
=9  per  cent. 


Elongation  of  inch  sections:  ".08,  'Ml*,  ".08*. 
Diameter  at  fracture,  ".54;  ai'ea,  .2290  square  inch. 
Contraction  of  area,  8.4  per  cent. 
Fractured  1".2  from  the  neck.     Appearance,  fine  gmnular. 


298      T£KSIL£  SP£CIM£IfS   FfiOM  BUFTURED   £NDUBANC£   SHAFTS. 

No.  7563. 

Bethlehem  Steel.     Treated  bar 

Marks,  301,  7  B17  Y  1-1. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test,  see  present  Report,  page  260. 


Applied 

loads  per 

Hquare 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set 

Pounds. 
1,000 
5,000 
10,000 

Inch. 

0. 

.0004 
.0010 
.0020 
.0031 
.0041 
.0051 
.0061 
.0071 
.0080 
.0090 
.0092 
.0146 
.0154 
.0162 
.0180 
.0199 
.0240 
.0900 
.0860 
.0410 
.0475 
.0600 
.07 
.09 
.12 
.15 

Inch. 

0. 

0. 

Initial  load. 

20.000 

£;ooo 

Elastic  limit. 

40,000 
50.000 
60,000 
70,000 
80,000 
90,000 
91,000 
92,000 
98,000 
94,000 
95,000 
96.000 
98,000 
100.000 
102,000 
104,000 
106,000 
110,000 
114,000 
120,000 
124,000 
128,000 
190,400 
0 

0. 

0. 
0. 
0. 
0. 

.0188 

.0462 

Tensile  strength. 
=  11.7  per  cent. 

.85 

Elongation  of  inch  sections:  ".04,  ".04,  ".27*. 
Diameter  at  fi'acture,  ".40;  area,  .1257  square  inch. 
Contraction  of  area,  49.7  per  cent. 

Fractured  ".4  from  the  neck.     Appearance,  fine  silky,  serrated. 
Load  at  time  of  fracture,  25,200  pounds =200,480  pounds  per  square 
inch  on  area  at  rupture. 


T£N3IL£   SPEOIMENS   FEOM  BUlTURED   £KDUKANC£   BHAJ«^TS.       299 

No.  7509. 

Gautier  Steel.     Hot  i*olled  bar. 

Marks,  308,  11-C3. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Repoit,  (N^^e  261. 


Applied 

loAclB  per 

squ&re 

Inch. 

In  gauged  length. 

Remarkn. 

Elonga- 
tion. 

Set. 

Inch. 

0. 

0. 

Poundt. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
50,000 
60,000 
70,000 
74,000 
78,000 
74,000 

Inch. 
0. 
.0008 

.0010 
.0020 
.0080 
.0040 
.0050 
.0060 
.0070 
.0074 
.0162 
man 

Initial  loan. 

6. 
0. 
0. 
0. 

Elastic  limit.     • 

Tennile  fitrength. 
=■■  2.8  per  cent. 

75,000    f         -01^ 

76.000 
78,000 
79,000 
80.000 
84,000 
88.000 
92,000 
96,000 
100,000 
108,000 
115,400 
0 

.0256 
.0298 
.0320 
.0842 
.0384 
.0438 
.0480 
.0580 
.0590 
.07 

.0418 



.07 

Elongation  of  inch  sections:  ".02,  ".02,  ".03*. 
Diameter  at  fracture,  ".56;  area,  .2463  square  inch. 
Contraction  of  area,  1.5  per  cent. 
Fractured  ".3  from  the  neck.     Appearance,  fine  granular. 


300      TKNSILE   SPKCIMENS   FROM   RUPTURED    ENDURANCE   SHAFTS. 

No.  7544. 

Gautier  Steel.     Hot  rolled  bar. 

Marks,  309,  7-Bl. 

Diameter,  ".564. 

Sectional  area,  .25  squai*e  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  263. 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Inch. 

0. 
.0004 
.0010 
.0020 
.0080 
.0040 
.0046 

Set. 

Founds. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
45.000 
50,000 
60.000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
70,000 
72,000 
76,000 
80,000 
84,000 
88,000 
92,000 
96,000 
100,000 
106,000 
116,000 
124,000 
136,000 
139, 120 
0 

Inch. 

0. 

0. 

luftiHl  Uwd. 

0, 

.0051 

.0062 

.0066 

.0072 

.0089 

.0100 

.0110 

.0118 

.0189 

.0160 

.0205 

.0248 

.0310 

.0370 

.0133 

.0500 

.0676 

.07 

.09 

.12 

.22 

6. 
.0001 

Kla^tk-  limit. 

Tensile  strength. 
=10  per  cent. 

.0051 

.0151 



.(M21 

.30 

Elongation  of  inch  sections:  ".13*,  ".10,  ".07. 
Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 
Contraction  of  area,  15  per  cent. 
Fractured  1"  from  the  neck.     Appeai-ance,  line  granular. 


TENSILE   SPECIMENS   FROM   RUPTUBED   ENDURANCE   SHAFTS. 

No.  7510. 

Gautier  Steel.     Hot  rolled  bar. 

Marks,  310,  9-C  2. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  264. 


301 


Applied    I 

loads  per  . 

square     I 

inch.      I 


Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
60,000 
60,000 
67,000 
68,000 
69,000 
70,000 
72,000 
74,000 
76,000 
80,000 
84,000 
88,000 
92,000 
96,000 
100,000 
106,000 
116,000 
124,000 
182,000 
140,000 
147,600 
0 


In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Inch. 

0. 
.0008 
.0010 

Inch. 

0. 

0. 

IniiiHl  loAd. 

.0020 



.0080 
.0040 
.0060 
.0060 
.0069 
.0108 

jddd   \ 

Ela.stic  limit. 

.0117 

Tensile  strength. 
»  9  per  cent. 

.0126 
.0148 

.0042 

.0162 

.0188 

.0228 

.0272 

.0821 

.0372 

.0424 

.0490 
.07 

.0338 

.08 

.09 

.12 

.16 

.27 

Elongation  of  inch  sections:  ".09,  ".10*,  ".08. 

Diameter  at  fracture,  ".53;  area,  .2206  square  inch. 

Contraction  of  area,  11.8  ^)er  cent. 

Fractured  1".37  from  the  neck.     Appeai-ance,  tine  granular. 


802      TENSILE   SPECIMENS   FROM   RUPTUBED   ENDURANCE   8HAFI8. 

No.  7511. 

Bethlehem  Steel.     Annealed  at  low  heat. 

Marks,  321,  7X2,  1. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  266. 


Applied 

loads  per 

square 

Inch. 


l*ound8. 

1,000 

5,000 

10,000 

20,000 

80,000 

35,000 

40,000 

46,000 

50,000 

55.000 

60,000 

65,000 

66,000 

67,000 

68,000 

69,000 

70,000 

72,000 

74,000 

76,000 

80,000 

84,000 

88,000 

92,000 

96,000 

100,000' 

104,000 

104,800 

0 


In  gauged  length. 


Incli. 

0. 

.0003 
.0009 
.0019 
.0080 
.0085 
.0041 
.0047 
.0061 
.0066 
.0061 
.0068 
.0071 
.0074 
.0078 
.0090 
.0190 
.0280 
.0375 
.0450 
.0608 
.08 
.10 
.12 
.15 
.20 
.30 


.49 


Set. 


Remarks. 


iHCh. 

0. 
0. 


Initial  load. 


.0001 


.0111 


Klaatic  limit. 


.0500 


;  Tensile  strength. 
'  =16.3  per  cent. 


.31*,  ".09,  ".09. 


Elongation  of  inch  sections: 

Diameter  at  fracture,  ".43;  area,  .1452  square  inch. 

Contraction  of  area,  41.9  per  cent. 

Fractured,  ".76  from  the  neck.     Appearance,  fine  silk}^  cup-shaped. 


TENBILE   8PK0IMKN8   FBOM   ByPTUBED   ENDUBANCE   SHAFTS.       308 

No.  7512. 

Metal  from  Nickel  Steel  Ingot.     Natural  state. 

Marks,  322,  N3-E. 

Diameter,  ".664. 

Sectional  ai'ea,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  267. 


Applied    , 
loaoBper  . 

*»«*'«     •    Elonga- 


In  gauged  length. 


inch. 


tlon. 


P&undt. 
1,000 
5,000 
10,000 
16,000 
20.000 
25.000 
80.000 
81.000 
82.000 
88,000 
84,000 
85.000 
86.000 
87,000 
88,000 
39,000 
40.000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
58,200 
0 


Inch, 
0. 
.0008 

.0010 
.0015 
.0020 
.0026 
.0088 


Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
.0001 


.0040   

.0048  ' 

.0050  1 

.0058 
.0067  .. 

.0018 

.0077  

.0098  

.0120  ' - 

.0168  , 
.0260 

.0119 

.0860  

.0455  

.0580  

.07T2 
.10 

.0708 

.16    

Remarks. 


Initial  load 


KlHNtlu  limit. 


Tensile  strength. 
a5.8  per  cent. 


Elongation  of  inch  sectionH:  ".10*,  ".03,  ".03. 
Diameter  at  fracture,  ".53;  area,  .2206  square  inch. 
Contraction  of  area,  11.8  per  cent. 

Fractured  ".9  from  the  neck.     Appearance,  40  per  cent  granular 
with  lustrous  facets;  60  per  cent  dull  amorphous. 


804      TENSILE    SPECIMENS   FROM   BUPTUBED   ENDUBANCE   SHAFTS. 

No.  7513. 

Metal  from  Carbon  Steel  Ingot.     Natural  state. 

Marks,  323,  C3-E. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  268. 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

1 

j 

Remarks. 

Elonga- 
tion. 

Inch. 

0. 
.0003 
.0010 
.0015 
.0021 

Set. 

Pound*. 
1,000 
5,000 
10,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
28,000 
30,000 
32,000 
34,000 
36,000 
38,000 
.    40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
51,600 
0 

Inch. 

0. 

0. 

0. 

0. 

Initial  load. 
YABHtic  limit. 

Tensile  strength. 
=13.8  per  cent. 

.0035 
,0053 
.0063 



.0090 

.0109 

.0147 

.0172 

.0218 

.0241 

.0290 

.0372 

.0486 

.06 

.07 

.09 

.10 

.12 

.14 

.17 

.20 

.24 

.30 

.0067 

.0211 

.0448 

.40 

Elongation  of  inch  sections:  ".12,  ".13,  ".15*. 
Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 
(Contraction  of  area,  15  per  cent. 

Fractured  1".24  from  the  neck.  ^  Appeamnce,  40  per  cent  granular, 
60  per  cent  irregular  surface,  amorphous. 


TENSILE   SPECIMENS   FBOM   RUPTURED   ENDURANCE   SHAFTS.       305 

No.  7514. 

Bethlehem  Steel.     Annealed  at  high  heat. 

Marks,  824,  7X1,  8. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  268. 


Applied 

loads  per 

square 

inch. 

In  ganged  length. 

Elonga- 
tion. 

Inch. 

0. 

.0003 
.0010 
.0020 
Mfil 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 

Inch. 

0. 

0. 

InlUal  load. 

40,000             .0041 
45,000    I          .0046 
50,000             .0051 
51,000              •OQS.H 

0. 
0. 
0. 

ElasUc  limit. 

46,000 
47,000 
48.000 
49,000 
60.000 
52,000 
66,000 
68,000 
60,000 
62,000 
64.0U0 
68.000 
72,000 
75,200 

.0111 

.0170 
.0215 
.0285 
.0507 
.0682 



Tensile  strength. 
=  27  per  cent. 

.0448 

.0980 
.1073 



.1218 

.15 

.17 

.22 

.31 

.1189 

0 

.81 

Elongation  of  inch  sections:  ".13,  ".19,  ".49*. 

Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 

Contraction  of  area,  61.5  per  cent. 

Fractured  1"  from  the  neck.     Appearance,  tine  silk}^  cup-.shaped. 

11.  Doc.  335 20 


306      TEKSILE   SPECIMENS   FROM  JEIUFTUBED   ENDURANCE   SHAFTS. 

No.  7516. 

Metal  from  Nickel  Steel  Ingot.     Oil  tempered  and  annealed. 

Marks,  325,  NS-D. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  269. 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 
1,000 
6,000 
10,000 
15,000 
20!  000 
25,000 
80,000 
85,000 
40,000 
45,000 
50,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
62.000 
64,000 
68,000 
72,000 
76,000 
80,000 
80,800 
0 

Inch. 

0. 

.0008 
.0010 
.0015 
.0020 
.0026 
.0031 
.0086 
.0042 
.0047 
.0052 
.0058 
.0140 
.0220 
.0329 
.0372 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

InlUal  load. 
Elastic  limit. 

.0440 

.0480 

.0657 

.09 

.13 

.18 

.29 

.0868 

Tensile  strength. 

.41 



=13.7  per  cent. 

Elongation  of  inch  sections:  ".16,  ".10,  ".15*. 
Diameter  at  fracture, '".47;  area,  .1735  square  inch. 
Contraction  of  area,  30.6  per  cent. 

Fractured  1".5  from  the  neck.     Appearance,  dull  amorphous,  light 
and  dark  colored  patches.     Opened  cracks  in  surface  of  stem. 


TENSILE   SPECIMENS   FROM    RUPTURED    ENDURANCE    SHAFTS. 


307 


No.  7664. 

Metal  from  Carbon  Steel  Injrot.     Oil  tempered  and  annealed. 

Marks,  327,  C3-D. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  270. 


Pounds. 
1.000 
5,000 
10,000 
20.000 
X.OOO 
85.000 
40.000 
41.000 
42.000 
43.000 
44,000 
45,000 
46,000 
47,000 
48.000 
49,000 
50.000 
52,000 
56.000 
60,000 
64.000 
68,000 
69,680 
0 


.0061 

.0087 

.0041 

.0042 

.0046 

.0048 

.0870 

.0876 

.0400 

.0440 

.0480 

.0532 

.0580 

.07 

.10 

.12 

.16 

.24 


Remarks. 


InitUl  load. 


Elastic  limit. 


.0512 


Tensile  strength. 
=  12.7  per  cent. 


Elongation  of  inch  sections:  ".13,  ".16*,  ".09. 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 

Fitictured  1".3  from  the  neck.     Appearance,  dull  gray,  amorphous. 
Pitted  surface.     Opened  cracks  along  surface  of  stem. 


808      TENSILE    SPECIMENS   FROM   RUPTURED   ENDURANCE   SHAFTS. 

No.  7541. 

Bethlehem  Steel.     Oil  tempered  and  annealed  at  low  heat. 

Marks,  328,  7  X  2,  5. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  271. 


Applied 

loads  per 

BQuare 

Inch. 

In  sraufired  len^h. 

Elonga-    !        o^. 
lion.              ^*- 

Pound*. 
1,000 
5,000 
10,000 

Inch. 

0- 

.0001 
.0011 
.0021 
.0031 
.0041 
.0046 

Inch. 

0. 

0. 

20,000 
30,000 
40,000 
45,000 
50,000 
55,000 
60,000 
66.000 
68,000 

S: 

.0061 

.0059 

.0066 

.0073 

.0082 

.0087 

.0110 

.0280 

.0330 

.0440 

.a512 

.0622 

.0749 

.09 

.13 

.17 

.22 

.29 

0. 

0. 
.0001 
.0003 

69,000 

70,000 
71,000 
72,000 

.0033 

74,000 
76,000 

78,000 

80,000 
84,000 

.0648 

88,000 

92,000 
96,000 

100,000 

102,400 
0 

.81 

Remarks. 


InitUl  load. 


Elaslic  limit. 


Tensile  stren^rth. 
=27  per  cent. 


Elongation  of  inch  sections:  ".17,  ".48*,  ".16. 

Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 

Contraction  of  area,  61.5  per  cent. 

Fractured  at  the  middle  of  the  stem.     Appeamnce,  tine  silky. 


TENSILE   SPECIMENS    FROM    RUPTURED    ENDURANCE   SHAITS.       309 

No.  7542. 

Bethlehem  Steel.     Oil  tempered  and  annealed  at  low  heat. 

iMarks,  329,  7x1,  5. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  271. 


Applied 

loftdsper 

Nquare 

inch. 

In  gauged  length. 

Remarks. 

«Sr-    '       set 

I\mud». 

1.000 

5,000 

10,000 

Jneh, 

0. 

.0004 
.0010 
.0020 
.0090 
.0041 
.004fi 

Inch. 

0. 

0. 

Initial  load. 

ElaKtio  limit.    Load  fell. 

Tensile  strength. 
=.  29  per  cent 

20,000 

80,000 

40,000 
45.000 

0. 

50,000             .0051 
54,000              .0058 

.0001 

50,000              .0800 

51,000             .0870 
62,000              .0896 

58,000    1         .0432 

54,000              .0492 
56,000             .0568 
58,000             .0687 
60,000              .0804 
64,000              .10 
68,000    1          .18 
72,000              .17 

.0426 


.a?26 

76,000              .22 

80,000    1          -40 

80,800 



0 

.87 

.18,  ".52»,  ".17. 


Elongation  of  inch  sections: 

Diameter  at  fracture,  ".31;  area,  .0755  square  inch. 

Contraction  of  area,  69.8  per  cent. 

Fractured  1".8  from  the  neck.     Appearance,  fine  silky. 


310       TENSILE    SPECIMENS    FROM    RUPTUBED    ENDURANCE    SHAFTS. 

No.  7543. 

Bethlehem  Steel.     Annealed  at  low  heat. 

Marks,  330,  7x1,  2. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  272. 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 
1.000 
5;  000 
10,000 
20,000 
80,000 
35,000 
40,000 
45,000 
60,000 
55,000 
57,000 
52,000 
53,000 
54,000 
55,000 
56,000 
58,000 
60,000 
64,000 
68,000 
72,000 
76,000 
80,000 
82,600 
0 

Inch. 

0. 
.0003 
.0010 
.0020 
.0031 
.0086 
.0041 
.0046 
.0052 
.0058 
.0060 
.0132 
.0144 
.0260 
.0328 
.0862 
.0450 
.0761 
.09 
.12 
.15 
.20 
.28 

Inch. 

0. 

0. 

Initial  load. 
Ela.sticlimit.    Load  fell. 

I. 

0. 
0. 

.0682 

• 
Tensile  strength. 
— 20.7  per  cent. 



.02 

Elongation  of  inch  sections:  ".35*,  ".17,  ".10. 
Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 
Contraction  of  area,  61.5  per  cent. 
Fractured,  1".2  from  the  neck.     Appearance,  fine  silky. 


TEKSILE   SPECIMENS   FKOM   RUPTURED   ENDURANCE   SHAFTS. 

No.  7645. 

Bethlehem  Steel.     Annealed  at  high  heat. 

Marks,  831,  7x1,  4. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  272.* 


311 


square 
Tnch. 

In  gauged  length. 

; 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 
1,000 
6,000 

20,000 
80,000 
40,000 
46,000 
49,000 
44,000 
46,000 
46,000 
47,000 
48,000 
49,000 
60.000 
62,000 
64,000 
66,000 
68,000 
60,000 
64,000 
68,000 

Indi. 

0. 
.0004 
.0010 
.0021 
.0081 
.0041 
.0046 
.0062 
.0180 
0280 
.0809 
.0882 
.0400 
.0446 
.0640 
.0716 
.0810 
.0940 
.1066 
.1290 
.17 
.22 

Inch. 

0. 

0. 

Initial  load. 

0. 
0. 

Elastic  limit.    Load  fell. 

Tensile  strength. 
«»27.7  per  cent 

.0478 

72,000    ;         .82 

74,800 

0 

.88 

Elongation  of  inch  sections:  ".33*,  ".37*,  ".13. 
Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 
Contraction  of  area,  61.5  per  cent. 
Fractured  1".47  from  the  neck.     Appearance,  fine  silky. 


812      TENSILE   SPECIMENS   FBOM   BUPTUBED   ENDUBANOE   SHAFTS. 

No.  7566. 

Bethlehem  Steel.     Oil  tempered  and  annealed  at  low  heat. 

Marks,  332,  7x1,  6. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  teat  see  present  Report,  page  273. 


Applied 

tsquare 
inch. 

In  fjTftuged  length. 

Remarkfi. 

Elonga- 
tion. 

Inch. 

0. 
.0004 
.0010 
noai 

Set. 

1.000 

6.000 

10,000 

20,000 

Inch. 
0. 

a 

Initial  load. 

Elastic  limit,    l^wd  fell. 

Tensile  strength. 
-=  30  per  cent. 

80,000              .0032 
36,000                QDBR 

.0001 

40,000 
45,000 
50,000 
66,000 
49,000 
60,000 
61,000 
62,000 
54,000 
55,000 
60,000 
64,000 
68,000 
72,000 
76,000 
77,680 
0 

.0043 
.0049 
.0064 
.0059 
.0850 

.0001 
.0001 
.0001 
.0001 

.0400 

.0472 

.0600 

.0698 

.0670 

.10 

.13 

.17 

.23 

.UGOO 

.90 

Elongation  of  inch  sections:  ".17,  ".49*,  ".24. 
Diameter  at  fracture,  ".31;  area,  .0756  square  inch. 
Contraction  of  area,  69.8  per  cent. 
Fractured  1".6  from  the  neck.     Appearance,  fane  silky. 
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No.  7586. 


eS13 


Bethlehem  Steel.     Oil  tempered  and  annealed  at  high  heat. 

Marks,  333,  7x1,  8. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Repoi*t,  page  278. 


Applied 

loaoiiper 

square 

inch. 


Pound*. 
1,000 
6.000 
10,000 
20,000 
80,000 
40,000 
46,000 
60,000 
66,000 
60,000 
62,000 
68,000 
68,000 
60,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
76,000 
80,000 
84,000 
88,000 
88,960 
0 


In  gauged  length. 


Elonga- 
tion. 


Set. 


I 


Remarkfl. 


Inch.  Inch. 

0.  0.  Initial  load. 

.0004  0. 

.0010 

.0020 

.0081 

.0042  0. 

.0048  0. 

.0066  •        0. 

.0061  0. 

.0068  0. 

.0060  1 

.0070  ' '  Elastic  limit. 

.0108  ; !  Load  fell. 

.0140  ' 

.0440  


.UDAU 

.0680 

.0666 

.0770 

.0849 

.0915 

.18 

.16 

.21 

.35 

.0752 

.74 

Tensile  strength. 
—  24.7  per  cent. 


Elongation  of  inch  sections:  ".14,  ".44*,  ".16. 

Diameter  at  fracture,  ".36;  area,  .0962  square  inch. 

Contraction  of  area,  61.5  per  cent. 

Fractured  1".6  from  the  neck.     Appearance,  line  silky,  cup-shaped. 


814      TENSILE   8PE0IMENS   FBOM   RUPTUBED   ENDUBANCE   SHAFTS. 

No  7587. 

Bethlehem  Steel.     Annealed  at  high  heat. 

Marks,  336,  7X2,  3. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  274. 


Applied 

loadflper 

square 

Inch. 


1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
41,000 
42,000 
48,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
64,000 
68,000 
72,000 
76,000 
80,000 
84,000 
88,000 
91.280 
0 


In  gauged  length. 


Elongar 
tlon. 


Inch. 

0. 

.0004 
.0009 
.0020 
.0080 
.0041 
.0045 
.0047 
.0051 
.0058 
.0056 
.0064 
.0070 
.0080 
.0091 
.0120 
.0169 
.0240 
.0800 
.0365 
.0448 
.0605 
.0690 
.0780 
.0972 
.1470 
.21 


Set. 


Inch. 

0. 

0. 


.0001 


.0009 


.0371 


Benuirkfl. 


Initial  load. 


Elastic  limit 


.70 


Tensile  strength. 
B  28.8  per  cent 


Elongation  of  inch  sections:  ".13,  ".19,  ".38*. 

Diameter  at  fracture,  ".40;  area,  .1257  square  inch. 

Contraction  of  area,  49.7  per  cent. 

Fractured  l".l  from  the  neck.     Appearance,  line  silky,  cup-shaped. 
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Annular  Tensile  Specimens  from  Ruptured  Endurance  Shafts. 

The  marks  give  the  test  number  of  the  enduiunce  shaft,  also  the  fig- 
ures and  letters  which  were  employed  to  identify  the  grade  and  treat- 
ment of  the  metal. 


r»iiihiiiirtSaB!^4 


No.  7588. 

Bethlehem  Steel,  Nickel.     Annealed. 

Specimen  from  end  of  shaft. 

Marks,  280,  7  X  1  S. 

n;o«.^f^».o  J  exterior,  1". 
Diameters, -ji^^^^j^^'.^^ 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  67S. 


Applied 

loads  per 

square 

inch. 

Ingrauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 

Inch. 
0. 

0- 

Iiich. 
0. 

Initial  load. 
JElastlc!  limit. 

10,000             .0001 
20,000              .0004 
30,000              .0006 
85,000              .0010 

40,000 
45,000 
50,000 

53,000 

54,000 
65.000 
56,000 
57,000 
58,000 
59.000 
60,000 
65,000 
70,000 
86,440 

.0011 
.0012 
.0014 
/       .0016 
\       .0050 
.0185 
.0149 
.0156 
.0169 
.0180 
.0200 
.0209 
.0291 
.0391 

0. 
0. 
0. 

Tensile  strength. 

.0865 

Elongation  of  inch  section:  ".36. 
Exterior  diameter  at  fracture,  ".80. 
Appearance  of  fiucture,  silky. 
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No.  7589. 

Bethlehem  Steel,  Nickel.     Annealed. 
Specimen  from  middle  of  length  of  shaft. 
Marks,  280,  7X1  S. 

!«-«'«-.  I  t^S;-:;;.. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  578. 


! 

1    Applied 
1  loads  per 
1     sqiiare 
inch. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
36,000 
40,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50.000 
51,000 
62,000 
68,000 
54,000 
55,000 
66,000 
57,000 
58,000 
59,000 
60,000 
65,000 
70,000 
83,220 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Inch. 

0. 

0. 
.0001 
.0004 
.0009 
.0010 
.0011 
.0013 
.0014 
.0015 
.0017 
.0020 
.0024 
.0091 
.0130 
.0148 
.0166. 
.0177 
.0183 
.0191 
.0208 
.0230 
.0248 
.0330 
.0461 

Set. 

Inch. 
0. 

Initial  load. 
Tensile  strength. 

0. 
0. 

.0009 

.0155 

.0222 

.0486 

Elongation  of  inch  section:  ".33. 
Exterior  diameter  at  fiucture,  ".80. 
Appearance  of  fracture,  silky. 


TEN  BILE   SFEOIMENS   FBOM   BUPTUBED   EKDUBANOE    SHAFTS.       319 

No.  7590. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 
Specimen  from  end  of  shaft. 
Marks,  281,  7X1  HS. 
Dimeters]  Sf,^™^r^^ 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1896,  page  579. 


Applied 

square 
inch. 

In  gaufired  lennrth. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
45,000 
60,000 

60,000 
61,000 
62,000 
68,000 
64.000 
65,000 
66,000 
68,000 

Inch. 

0. 

0. 

.0001 
.0005 
.0009 
.0011 
.0012 
.0018 
.0014 
.0016 
.0018 
.0027 
.0050 
.0120 
.0140 
.0158 
.0161 
.0180 
.0210 
.0241 
.0270 
.0808 
.0841 
.0696 

Inch, 
0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 

0. 

0. 

0. 

.0128 

70,000 
72,000 

.0182 

74,000 
76,000 
78,000 
80,000 
94,770 

.0660 

Elongation  of  inch  section:  ".33. 
Exterior  diameter  at  fracture,  ".81. 
Appearance  of  fracture,  silky. 
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No.  7591. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 
Specimen  from  middle  of  length  of  shaft. 
Marks,  281,7X1  HS. 

Sectional  area,  .149  square  inch. 

Grauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  679. 


Applied 

loada  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga-           g^. 
tlon.              *^^- 

Pounds. 
1,000 
5,000 
10,000 
20,000 
90  000 

Inch. 
0. 
0001 

Inch. 
0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 

.0008 
.0008 
nnin 

86,000              .0011 
40,000            ..0012 
45,000              .0014 
50,000              .0017 
56,000              .0019 
60,000              .0020 
61,000              .0119 
62,000              .0138 
63,000              -014fi 

6. 

0. 

.0001 

64,000 
65,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
92,210 

.0159 

.0179 
.0194 
.0218 
.0250 
.0270 
.0313 
.0359 
.0395 
.0456 

.0162 

.0219 

.0419 

Elongation  of  inch  section:  ".31. 
Exterior  diameter  at  fracture,  ".82. 
Appearance  of  fracture,  silky. 
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No.  7592. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 
Specimen  from  end  of  shaft. 
Marks,  285,  7X7  HS. 

Diameters  i?^^^^^^^>-l" 


'  I  interior,  ".90. 
Sectional  area,  .149  square  inch. 
Gauged  length,  1". 
For  endurance  test  see  Report  of  1895,  ixige  589. 


Applied 

loacUper 

square 

inch. 


Pounds, 
1,000 
6,000 
10,000 
20,000 
90,000 
86,000 
40,000 
45,000 
50,000 
65,000 
60,000 
68,000 
64,000 
65,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
116,510 


In  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 

0. 
.0001 
.0005 
.0009 
.0011 
.0012 
.0018 
.0015 
.0017 
.0019 
.0021 
.0024 
.0042 
.0058 
.0071 
.0086 
.0099 
.0111 
.0132 
.0143 
.0162 


Set. 


Remarks. 


Inch.      ' 

0.  IniUal  load. 


.0068 


.0129 


ElHslic  limit. 


•  Tensile  strength. 


I 


Elongation  of  inch  section:  ".2 
Exterior  diameter  at  fracture, ' 
Appearance  of  fracture,  silky. 

H.  Doc.  335 21 


.84. 
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No.  7593. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 
Specimen  from  the  middle  of  length  of  shaft. 
Marks,  285,  7  X  7  HS. 

Diameters  \  exterior,  1". 
i^iameters -j  j^^j.j^^  ,,^^ 

Sectional  area,  .149  square  inch. 

Grauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  589. 


Applied 

loads  per 

square 

inch. 

RumarkK. 

Elonga- 
tion. 

Set. 

Pounds, 
1,000 
5,000 
10,000 
20,000 
90,000 
35,000 

Inch, 

0. 

0. 

.0001 
.0006 
.0009 
.0011 

Inch, 
0. 

Initial  load. 

ElaKlic  limit  about  58,000  pounds. 

Tensile  strength. 

40,000              .0012 
45,000              .0013 
50,000    1          .0016 
55,000    '          .0019 

6. 

0. 

60,000              .0027 
61,000    ,          .0031 
62,000               .OOSS 

.0007 

63,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
115,440 

.0039 
.0046 
.0058 
.00^/2 
.0086 
.0096 
.0110 
.0129 
.0140 
.0159 

.0059 

.0123 

Elongation  of  inch  section:  ".29. 
Exterior  diameter  at  fracture,  ".84. 
Appearance  of  fracture,  silky. 
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No.  7594. 

Bethlehem  Steel.     Annealed. 
Specimen  from  end  of  shaft. 
Marks,  28(5,7x6  8. 

Diametemi?^^™^'-!" 


'  I  interior,  ".90. 
Sectional  area,  .149  square  inch. 
Gauged  length,  1". 
For  endurance  test  see  Report  of  1895,  page  587. 


Applied 

loads  per 

square 

inch. 


Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
36.000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
55,000 
60,000 
65,000 
70,000 
83,890 


In  gauged  length. 

RemarkH. 

Elonga- 
tion. 

Sot. 

Inch. 

0. 

0. 
.0001 
.0005 
.0009 
.0011 

Inch. 
0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 

.0012 
.0012 

0. 

ooao 

.0090 

.0093 

.0096 
.0106 
.0114 
.0125 
.0136 
,0147 
.0219 
.0268 
.0352 
.0480 

.0126 

.0242 

.0448 

Elongation  of  inch  section:  ".36. 
Exterior  diameter  at  fracture,  ".81. 
Appearance  of  fracture,  silky. 
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No.  7595. 

Bethlehem  Steel.     Annealed. 

Specimen  from  middle  of  length  of  shaft. 

Marks,  286,  7x6  8. 

T\'^^^^^  \  exterior,  1". 

^^^^^^^i  interior;  ".90. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  587. 


Applied 

loads  per 

square 

iDch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
90,000 
36,000 
40,000 
41  000 

Inch. 

0. 

0. 
.0001 

..0004 
.0009 
.0010 
.0011 

0012 

Inch. 
0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 

0. 

42,000    1          .0017 
43.000              .0019 
44,000    ;          .0021 
45,000    !         onm 

46.000 
47,000 
48,000 
49,000 
60,000 
65.000 
60,000 
66,000 
70,000 
87,920 

.0032 
.0038 
.0042 
.0063 
.0060 
.0110 
.0154 
.0216 
.0297 

.0041 

.0130 

.0263 

Elongation  of  inch  section:  ".36. 
Exterior  diameter  at  fracture,  ".81. 
Appearance  of  fracture,  silky. 


TENSILE   SPECIMENS    FROM   RUPTURED   ENDURANCE   SHAFTS.       325 

No.  7596. 

Bethlehem  Steel.     Annealed. 
Specimen  from  end  of  shaft. 
Marks,  288,  7x5  S. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  586. 


Applied 

loads  per 

square 

inch. 


Pounds. 
1,000 
6,000 
10,000 
20,000 
SO,  000 
35,000 


In  ganged  length. 


40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
55.000 
60.000 
65,000 
70,000 
74,090 


Elonga- 
tion. 


Inch. 

0. 

0. 

.0002 
.0006 
.0010 
.0011 


.0023 
.0181 
.0188 
.0145 
.0160 
.0179 
.0187 
.0210 
.0219 
.0231 
,0247 
.0851 
.0470 

.1000 


Set. 


Inch. 
0. 


.0160 


.0227 


Reamarlcs. 


InitiHl  Iliad. 


ElaHtic  limit  about  89,000  poundn. 


Tennlle  strength. 


Elongation  of  inch  section:  ".43. 
Exterior  diameter  at  fracture,  ".78. 
Appearance  of  fracture,  silky. 
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No.  7597. 

Bethlehem  Steel.     Annealed. 

Specimen  from  middle  of  lengrth  of  Hhaf t. 

Marks,  288,  7x6  S. 

Diameters   J  exterior,  1". 
i^iameters,  ^  j^^^or,  ".90. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  586. 


Applied 

loaasper 

square 

inch. 


Poundt. 
1,000 
6,000 
10,000 
20,000 
30,000 
85,000 


40,000 
41,000 
42,000 
43,000 
44,000 
46,000 
46,000 
47,000 
48,000 
.49,000 
50,000 
55,000 
00.000 
65,000 
70,000 
77,580 


In  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 

0. 

.0002 
.0006 
.0009 
.0011 


.0023 
.0030 
.0038 
.0041 
.0051 
.0058 
.0067 
.0076 
.0082 
.0092 
.0103 
.0163 
.0229 
.0851 
.0528 


Set. 


Inch. 
0. 


.0011 


.0082 


RemarkH. 


Initial  load. 


Ela.Htic  limit  about  39,000  lbs. 


Tensile  Rtrength. 


Elongation  of  inch  section:  ".39. 
Exterior  diameter  at  fracture,  ".79. 
Appearance  of  fracture,  silky. 
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No.  7654. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 

Specimen  from  end  of  shaft. 

Marks,  289,  7X6  HS. 

rk;„^^i.^^^  J  exterior,  1". 
Diameters,  jj^^^i^^',,^ 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  586. 


Applied 

loacUper 

square 

inch. 


Pounds, 
1,000 
6.000 
10,000 
20,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45.000 
46,000 
47,000 
48,000 
49.000 
60.000 
65,000 
60,000 
66,000 
70,000 
76,850 


In  gauged  len^rth. 


Elonga- 
tion. 


Inch, 

0. 

0. 
.0001 
.0004 
.0008 
.0010 
.0012 
.0014 
.0022 
.0030 
.0066 
.0062 
.0078 
.0082 
.0091 
.0107 
.0117 
.0182 
.0270 
.6872 
.0640 


RemarkB. 


Inch.      , 

0.  Initial  loud. 


.0248 


Elastic  limit. 


Tensile  KtrenRth. 


Elongation  of  inch  section:  ".26. 
Exterior  diameter  at  fmcture,  ".86. 
Appearance  of  fracture,  silky. 
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No.  7555. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 

Specimen  from  middle  of  length  of  shaft. 

Marks,  289,  7x5  HS. 

p..  ^  .^„^    (  exterior,  1". 
Diameters, -j  .^^^j^^%,^^ 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  586. 


Applied 

loads  per 

square 

inch. 

In  gtiuged  leiiglb. 

Elonga- 
tion. 

-      Set. 

Pounds. 
1,000 
5,000 
10,000 
20.000 
80,000 
35,000 
40,000 
42.000 
43,000 
44,000 
45,000 
46.000 
47,000 

Inch. 

0. 

0. 
.0001 
.0004 
.0008 
.0010 
.0011 
.0012 
.0015 
.0018 
.0029 
.0086 
.0049 
.0060 
.0070 
.0080 
.0147 
.0229 
.0829 
.0600 

Inch. 
0. 

Initial  load. 

0. 

Elastic  limit. 

48,000 

49,000 
50,000 
55,000 
60,000 
65,000 
70,000 
78,050 

.0060 

.0208 

Tensile  strength. 

Keniarkfi. 


Elongation  of  inch  section:  ".27. 

Exterior  diameter  at  fracture,  ".87. 

Appearance  of  fracture,  silky.  There  were  numerous  small  cracks 
opened  in  the  exterior  surface  ".01  to  ".03  long  in  a  circumferential 
direction,  and  ".Olzh  deep.  Oblique  fracture  passing  through  three 
of  these  cracks. 
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No.  7556. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 
Specimen  from  end  of  shaft. 
Marks,  291,  7x3  HS. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  683. 


Applied 

loadBper 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

- 

Pounds. 

1,000 

5,000 

10,000 

20,000 

90,000 

85,000 

40,000 

45,000 

50,000 

55,000 

60,000 

70,000 

80,000 

90,000 

100.000 

107.000 

106,000 

109,000 

110.000 

111,000 

112.000 

129,060 

Inch. 

0. 

0. 

.0002 
.0006 
.0009 
.0010 
.0012 
.0014 
.0016 
.0017 
.0019 
.0021 
.0024 
.0027 
.0090 

Inch. 
0. 

Initial  load. 

Elafitlc  limit. 
Teniiile  strength. 

0. 

0. 
0. 
0. 
0. 
0. 

.0082 
.0040 
.0048 
.0064 
.0110 

Elongation  of  inch  section:  ".25. 
Exterior  diameter  at  fracture,  ".85. 
Appearance,  silky. 


330      TENSILE   SPECIMENS    FROM    BUPTURED   ENDURANCE   SHAFTS. 

No.  7557. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 
Specimen  from  middle  of  length  of  shaft. 
Marks,  291,  7X3  HS. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  583. 


AppUed 

loads  per 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

set. 

Pounds. 

1,000 

5,000 

10,000 

20,000 

80,000 

40,000 

50.000 

60,000 

70,000 

80,000 

90,000 

100,000 

108,000 

109,000 

110,000 

111,000 

112,000 

128,190 

Tnch, 

0. 

0. 

.0001 
.0005 
.0008 
.0011 
.0013 
.0017 
.0020 
.0023 
.0027 
.0030 
.0032 
.0088 
.0057 
.0180 
.0166 

Inch. 
0. 

Initial  load. 

0. 

0. 

6. 

0. 

Eltuttio  limit. 

TeuHile  RtrcM)gth 

Remarks. 


Elongation  of  inch  section:  ".22. 
Exterior  diameter  at  fracture,  ".89. 

Appearance  of  fracture,  silky.     Small  cracks  opened  in  the  outside 
surface  of  the  specimen. 
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No.  7598. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 
Specimen  from  end  of  shaft. 
Marks,  293,  7X2  HS. 

Diameters   -!  ^^^rior,  1". 
diameters,  -j  ^^^^^^^^^^  nc^ 

Sectional  area,  .149  square  inch. 

Grauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  581. 


Applied 

In  gauged  length. 

RemarkH. 

square 
inch. 

Elonga- 
tion. 

Set. 

Poundn, 
1,000 
5,000 
10,000 
20.000 
80,000 
35,000 
40,000 
45,000 
50,000 
55,000 
60,000 
65,000 
70,000 
75,000 
80,000 
85,000 
90.000 

Inch. 

0. 

0. 
.0002 
.0007 
.0010 
.0011 
.0012 
.0014 
.0017 
.0018 
.0020 
.0021 

Inch. 
0. 

Initial  load. 

• 

Elastic  limit,  about  92,000  pounds. 
Tensile  strength. 

6. 

6. 

.0022 
.0023 

.00>i:4 
.0026 
.00^8 

0. 

95.000 
100.000 
105,000 
110,000 
116,510 

.0052 
.0248 
.0343 
.0520 

.0204 

Elongation  of  inch  section:  ".24. 
Exterior  diameter  at  fracture,  ".85. 
Appearance  of  f  i-acture,  silky. 
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No.  7599. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 
Specimen  from  middle  of  length  of  shaft. 
Marks,  293,  7  X  2  HS. 

Diameters  \  exterior,  1". 

^^^®^^^]  interior,  ".90. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1896,  page  581. 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarkn. 

Elonga- 
tio?. 

Set. 

Pound: 
1,000 
6,000 
10,000 
20,000 
30.000 
36,000 
40,000 
46,000 
50,000 
66,000 
60,000 
66,000 
70,000 
76,000 
80,000 
86,000 
90,000 
91,000 
92,000 
9S,000 
94,000 
96.000 
100.000 
106,000 
110,000 
116,110 

Inch. 

0. 

0. 
.0002 
.0006 
.0009 
.0010 
.0011 
.0018 
.0016 
.0018 
.0019 
.0021 
.0022 
.0023 
.0026 
.0027 
.0030 
.0066 
.0061 
.0067 
.0071 
.0090 
.0242 
.0330 
.0560 

Inch. 
0. 

IniUal  load. 

Elastic  limit. 
Tensile  Rtrength. 

* 

0. 

0. 

0. 

.0001 

.0208 

Elongation  of  inch  section:  ".25. 
Exterior  diameter  at  fracture,  ".86. 

Appearance  of  fracture,  silky.     A  few  minute  circumferential  cracks 
on  the  exterior  surface  opened  near  the  place  of  rupture. 
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No.  7658. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 
Specimen  from  end  of  shaft. 
Marks,  296,  7X8  HS. 

Dimeter.,  j?„ts,°^.,;;; 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1896,  page  691. 


AppUed 

loads  per 

square 

Tnch. 

In  gausred  length. 

Remarks. 

Elonga- 
Uon. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
80,000 
40,000 
60,000 
60,000 
70,000 
80,000 
85,000 
90,000 
94,000 
95,000 
96,000 
97,000 
98,000 
99,000 
100,000 
101,000 
102,000 
108,000 
104,000 
106.000 
106.000 
107,000 
108,000 
109,000 
110,000 
111,000 
112,000 
168,120 

Inch. 
0. 
.0001 

.mm 

.0007 
.0010 
.0012 
.0017 
.0019 
.0021 
.0025 
.0027 
.0029 
.0032 
.0037 
.0040 
.0042 
.0046 
.0048 
.0061 
.0064 
.0068 
.0060 
.0062 
.0067 
.0070 
.0072 
.0078 
.0082 
.0086 
.0090 
.0093 

Inch. 
0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 

0. 

6. 

0. 
.0001 

.0016 

.0049 

Elongation  of  inch  section:  ".17. 

Exterior  diameter  at  fracture,  ".90. 

Appearance  of  fracture,  fine  granular,  in  part  silky. 
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No.  7559. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 
Specimen  from  middle  of  length  of  shaft. 
Marks,  295,  7X8  HS. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  591. 


Applied 
loads  per 

square 

inch. 


1,000 
5,000 
10,000 
20,000 
90.000 
40,000 
50,000 
60,000 
70,000 
80,000 
85,000 
90,000 
94,000 
95,000 
96,000 
97,000 
98,000 
99.000 
100,000 
101,000 
102,000 
103,000 
104,000 
105,000 
106,000 
107,000 
108,000 
109,000 
110,000 
111,000 
112,000 
122,150 


In  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 
.0001 
.0002 
.0007 
.0009 
.0012 
.0017 
.0019 
.0021 
.0024 


.0031 
.0032 
.0088 
.0040 
.0042 
.0046 
.0048 
.0051 
.0053 
.0057 
.0060 
.0062 
.0065 
.0070 
.0073 
.0077 
.0080 
.0084 
.0090 


Inch. 
0. 


.0001 

.oooi" 


.0012 


Remarks. 


InlUal  load. 


Elastic  limit. 


Tensile  strength. 


Elongation  of  inch  section:  ".02. 

Exterior  diameter  at  fracture,  1". 

Appearance  of  fi^acture,  granular,  irregular  coarse,  small  piece 
detached.  Numerous  very  fine  cracks  opened  in  exterior  surface  of 
specimen.  Some  of  the  larger  cracks  penetrated  from  ".005  to  ".04 
below  the  exterior  cylindrical  surface. 
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BRICKS. 


ABSORPTION  OF  WATER  AND  ELASTIC  PROPERTIES. 


DRY  PRESSED  AND  MUD  BRICKS  FROM  DIFFERENT 
PARTS  OF  A  DOWN-DRAFT  KILN. 

The  two  kinds  of  brickH,  made  fn)m  the  same  clay,  were  burned  side  by  side  in 
the  respective  parts  of  the  kiln  mentioned. 


MATERIAL  FURNISHED  BY  MESSRS.  FISKE  &  C  C).,  BOSTON,  MASS. 
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ABSORPTION  TESTS  OF  BRICKS. 


DRY  PRESSED  AND  MUD  BRICKS,  FROM  DIFFERENT  PARTS  OF  THE 

SAME  KILN.  IMMERSED  IN  WATER  DIFFERENT  INTERVALS  OF 

TIME  AND  THE  TOTAL  AND  SUCCESSIVE  AMOUNTS 

OF  WATER  ABSORBED  DETERMINED. 


BBICK8. 

Dry  Pressed  Brick,  Top  of  Kiln. 
Dimensions:  8".18x4".03x2".42. 


841 


Time  in  water. 

Weight 

Qain. 

Qain  by 
weight. 

Surceuaive 
gain. 

Orains, 

Boun. 

Mint. 

Sees. 
0 
2 
4 

Ofttint. 
40,950 
41,970 

Oraitu. 

Percent. 

i  020 

2.5 
8.9 
6.1 
6.1 
6.8 
7.8 
7.6 
7.7 
7.8 
8.0 
8.2 

1,020 

500 

480 

390 

290 

210 

120 

50 

40 

80 

100 

42,560    1          1,610 
43,040             2,090 
43, 430              ^.4M) 

6 

8 
10 
12 
14 
20 

43,720 
43.980 
44,050 
44.100 
44,140 
44,220 
44.320 
44,460 
44,500 
44,560 
44,570 
44,630 
44,680 
44, 710 

2,770 
2,980 
8,100 
8,150 
3,190 
8,270 
8,370 
8,510 
8,550 
8,610 
8,620 
8,680 
8,730 
8,760 

2" 

19 
27 
67 
96 
120 
144 
168 

1 
10 

8.6  140 

8.7  40 

8.8  60 
8.8                   10 

9.0  60 

9.1  50 

9.2  .               30 

[ 

1 

1 

1 

Dry  Pressed  Brick,  One-third  Down. 
Dimensions:  8".30x  3".92X  2".47. 


Time  in  water. 

Weight. 

Qain. 

Qain  by 
weight. 

SucoesBive 
gain. 

Hourt.    Mim. 

Sera. 
0 
2 
4 
6 
8 
10 
12 
14 
20 

GraiM, 
39,830 
40,985 
41.710 
42,226 
42,640 
42,980 
43,200 
43,340 
43,440 
43,580 
48,670 
43,820 
43,810 
48,980 
48,960 
44,050 
44,070 
44, 110 
44.160 
44.210 

QraiM, 

Percmt. 

Oraint. 

1 

1.155 
1,880 
2,895 
2,810 
8,150 
8,370 
3,510 
8,610 
3,750 
8,  MO 
3,990 
3,980 
4,100 
4,150 
4,220 
4,240 
4.280 
4.330 
4.880 

2.9 
4.7 
6.0 
7.1 
7.9 
8.6 
8.8 
9.1 
9.4 
9.6 
10.0 
10.0 
10.3 
10.4 
10.6 
10.6 
10.7 
10.9 

no 

1,165 
726 
515 
415 
340 
220 
140 
100 
140 
90 
150 
-10 
110 
50 
70 
20 
40 
50 
50 

1 

2"' 

4 

20 
.      28 
68 
96 
120 
144 
168 

1 
10  . 

'      ! 
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BRICKS. 


Dry  Pressed  Briok,  Two-thirds  Down. 
Dimensions:  8".42X4"X2".50. 


Time  in  water. 

Weight. 

Gftin. 

Gain  by 
weight. 

SuocesBlve 
gain. 

Hours. 

JfitM. 

Sees. 
0 
2 

t 

8 
10 
12 
14 
16 
18 
20 

€hrain8. 
41,800 
48,105 
43,870 
44,485 
44,970 
45,360 
45,655 
45,840 
45,905 
45,915 
45,915 

Oratnt. 

for  cent. 

GnUnt. 

1,306 
2,070 
2,895 
3,170 
3,560 
3,855 
4,040 
4,105 
4,115 
4. lift 

3.1 
5.0 
6.4 
7.6 
8.5 
9.2 
9.7 
9.8 
9.8 
9.8 
9.9 
10.0 
10.2 
10.6 
10.7 
10.8 
10.8 
11.0 
11.1 

1,306 

765 

G26 

475 

390 

296 

185 

65 

10 

0 

85 

30 

100 

90 

120 

20 

80 

40 

70 

i"* 

8 
23 
71 
96 
120 
144 
168 

10 

45,950    I         4;  150 
45,980    <          4.180 

46,080 
46,170 
46,290 
46,310 
46,340 
46,380 
46,450 

4,280 
4,370 
4,490 
4,610 
4,540 
4,580 
4,660 

Dry  Pressed  Brick  from  Bottom  or  Kiln. 
Dimensions:  8".60X4".05X 2".63. 


Time  in  water. 

Weight. 

Gain. 

Gain  by 
weight. 

Succewlve 
gain. 

Hours. 

Jfins. 

Sees. 
0 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
30 

Grains. 
40,500 
41,935 
42,880 
43,710 
44,390 
44,950 
45,450 
45,780 
46,005 
46,110 
46,110 
46,115 
46,130 
46,130 
46,130 
46,150 
46,215 
46,260 
46,370 
46,440 
46,520 
46,530 
46,530 
46,580 

Grains. 

PercerU. 

Grains. 

1,435 
2,380 
3,210 
d,890 
4,450 
4,950 
5,280 
6,506 
5,610 
5,610 
6,615 
5,680 
5,630 
5,630 
5,650 
5,715 
5,760 
5,870 
'      5,940 
6,020 
6,030 
6,030 
6,080 

8.5 
5.9 
7.9 
9.6 
11.0 
12.2 
13.0 
13.6 
18.8 
13.8 
13.9 
18.9 
-      13.9 
13.9 
14.0 
14.1 
14.2 
14.5 
14.7 
14.9 
14.9 
14.9 
15.0 

1,435 

945 

830 

680 

560 

500 

330 

225 

106 

0 

5 

15 

0 

0 

20 

65 

45 

110 

70 

80 

10 

0 

50 

3" 

16 
26 
42 
66 
114 
120 
144 
168 

1 
5 
30 

..  . 

BBIGKS. 

Mud  Brick,  Top  of  Kilk. 
Dimensions:  8".05x  3".95X  2".40. 
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Time  in  water. 


Hours. 

MiM. 

Sees. 
0 

4 

12 

2* 

1 
5 
80 

4 

5 

45 

72 

96 

120 

144 

168 

Weight. 


Qraint. 
43,990 
44.080 
44,080 
44,080 
44,040 
44,050 
44,060 
44.090 
44,090 
44.280 
44,820 
44,400 
44,480 
44.670 
44,660 


^-i_  Gain  by     Successive 

®""-      -    weight.    I      gain. 


QraiM, 


Percent 


40 

40 

40 

50 

60 

70 

100 

100 

240 

830 

410 

490 

680 

670 


0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.2 
0.5 
0.8 
0.9 
1.1 
1.8 
1.6 


QnUns. 


Mud  Brick,  One-Fourth  Down. 
Dimensions:  8".10X3".98X2".38. 


40 
0 
0 
10 
10 
10 
30 
0 
140 
90 
80 
80 
90 
90 


Tin 

le  in  wa 
Mint. 

ter. 

Weight. 

Gain. 

Gain  by 
weight. 

Successive 
gain. 

Hours. 

Sfcs. 
0 

Grains. 
42,290 
42,450 
42,490 
42,680 
42,660 
42,670 

Grains. 

Percent. 

Grains. 

2 
4 
8 
12 
20 

160 

200 

240 

260 

280 

810 

870 

440 

660 

780 

1,200 

1,880 

1,680 

1,630 

1,990 

2,070 

2,120 

2,170 

2,200 

2,240 

0.4 
0.5 
0.6 
0.6 
0.7 
0.7 
0.9 
1.0 
1.8 
1.7 
2.8 
8.8 
8.6 
8.9 
4,7 
4.9 
6.0 
5.1 
6.2 
5.3 

160 
40 
40 
20 
20 
80 
60 
70 
120 
170 
470 
IHO 

i" 

3 

4 

5 

6 

46 

72 

96 

120 

144 

168 

i 

5 
10 
30 

42,600 
42,660 
42.780 
42,850 
48,020 
48,490 
48,670 
48,820 
48.920 
44,280 
44.860 
44,410 
44,460 
44,490 
44,580 

160 

100 
360 
80 
50 
50 
30 
40 

1 

344  BRICKS. 

Mud  Brick,  Two-thirds  Down. 
Dimensions:  8".42X4".08X2".52. 


Time  III  water. 


Houn. 


1 
2 
4 

7 
47 
72 
96 
120 
144 
168 


Mins. 


1 
2 
8 
4 
5 
7 

10 
15 
20 
25 
30 
45 


Sees. 
0 
2 
4 
6 
8 
10 
12 
14 
20 
80 


Weight. 


Oraiits. 
45,020 
45,280 
45,420 
45,660 
45,680 
45,780 
45,870 
45,960 
46,050 
46,150 
46,270 
46,440 
46,580 
46,700 
46,810 
46.940 
47,110 
47,290 
47,450 
47,600 
47,690 
47,840 
47,890 
47, 910 
47,980 
48,040 
48,300 
48,380 
48,430 
48.530 
48,610 
48,630 


Gain. 

Gain  by 

Succe«ive 

weight. 
Per  C€nt, 

gain. 

araina. 

Graitu. 

260 

0.6 

260 

400 

0.9 

140 

540 

1.2 

140 

660 

1.5 

120 

760 

1.7 

100 

850 

1.9 

90 

940 

2.1 

90 

1.090 

2.3 

90 

1,130 

2.5 

100 

1,250 

2.8 

120 

1,420 

3.2 

170 

1.560 

8.5 

140 

1,680 

3.7 

120 

1.790 

4.0 

110 

1.920 

4.3 

130 

2,090 

4.6 

170 

2,270 

5.0 

180 

2,430 

5.4 

160 

2,580 

6.7 

150 

2,670 

5.9 

90 

2,820 

6.3 

150 

2.870 

6.4 

50 

2,890 

6.4 

20 

2,960 

6.6 

70 

3,020 

6.7 

60 

3,280 

7.8 

260 

3,360 

7.5 

80 

3.410 

7.6 

50 

3,610 

7.8 

100 

3,590 

8.0 

80 

8,610 

8.0 

20 

Mud  Brick,  Bottom  of  Kilx. 
Dimensions:  8".53X4'M6X2".50. 


Time  in  water. 

Weiglit. 

Gain. 

Gain  by- 
weight. 

Successive 
gain. 

GraiHit. 

Jlourit.  1  Mitis. 

Sees. 
0 
2 
4 
6 
8 
10 

Grains. 
44,700 
46, 120 
45,440 
45,670 
45,880 
46.060 

Grains. 

Per  (rut. 

1 

420 
740 
970 
1,180 
1,360 
1.520 
1,700 
1.900 
2,190 
2,670 
3,010 
3,240 
3.460 
3,620 
3,840 
3,900 
3,930 
4.210 
4,360 
4.450 
4,510 
4,550 
4.610 
4.700 
4.730 

0.9 
1.7 
2.2 
2.6 
3.0 
8.4 
3.8 
4.3 
4.9 
6.0 
6.7 
7.2 
7.7 
8.1 
8.6 
8.7 
M.8 
9.4 
9.7 
10.0 
10.1 
10.2 
10.3 
10.5 
10.6 

420 
320 
230 
210 
180 
160 
180 
200 
290 
480 
340 

2:jo 

220 
160 
2-20 
60 
30 
280 
140 
100 
60 
40 
60 
90 

1 

12    '        46,220 
14             46.400 

1 

1 

•20 

46,600 
46. M90 
47.870 
47,710 
47,940 
48,160 
48,320 
48,540 
48,600 
48,630 
48.910 
49,050 
49.150 
49,210 
49,250 
49,310 
49.400 
49,430 

........ 

i  " 

1 

2 
4 

6 
8 
10 
26 

2 
17 
25 

SH 
96 
120 
144 



BRICKS. 

EijiSTic  Properties  of  Bricks. 
Ends  of  bricks  were  ground  flat  on  a  rubbing  bed. 


d45 


No.  1458. 

DRY   PRESSED  BRICK. 


Shade  11,  from  top  of  kiln. 

Total  weight,  5  pounds  14^  ounces =128. 3  pounds  per  cubic  foot. 

Length,  8".  13. 

Sectional  area,  2".43x4".00=9.72  square  inches. 

Grauged  length,  5". 


Applied  loadfi. 

In  gauged  length. 

RemarkB. 

Total, 

Per  square 
incn. 

CompreA- 
fdon. 

Set. 

PomuU. 
972 
1.944 
3,888 
5,832 
7,776 
9,720 
11,664 
13,608 
15,552 
17,496 
19,440 
21,S84 
23,828 
25,272 
27,216 
29,160 

31,104 
33,048 
34,992 
36,936 
38,880 
40,824 
42,768 
44,712 
46,656 
48,600 
50,544 
62,488 
54,432 
.56.376 
58.320 
60.261 
62.208 
64.152 
66,096 
68.040 
69.984 
71,928 
73,872 
75.816 
77.760 

100,100 

Pounds. 

100 

iOO 

400 

600 

800 

1.000 

1,200 

1,400 

1,600 

1.800 

2,000 

2,200 

2.400 

2.600 

2.800 

8,000 

3.200 
3.400 
3,600 
3,800 
4,000 
4.200 
4,400 
4,600 
4.800 
5,000 
5,200 
5,400 
5,600 
5,800 
6.000 
6,200 
6,400 
6.600 
6.800 
7,000 
7.20O 
7,400 
7,600 
7.800 
8,000 

10,300 

Tnch. 
•    0. 
.0003 
.0007 
.0012 
.0015 
.0017 
.0020 
.0024 
.0028 
.0030 
.0033 
.0036 
.0039 
.0042 
.0045 
.0049 

.0051 
.0054 
.0057 
.0060 
.0063 
.0066 
.0069 
.0072 
.0075 
.0078 
.0081 
.0064 
.0087 
.0090 
.0093 
.0097 
.0100 
.0104 
.0107 
.0110 
.0113 
.0117 
.0120 
.0124 
.0127 

Tnch. 

0. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 

E  (1.000-3,000) -3,125,000  ponnds   per  square 
inch. 

0. 

0. 

£(1.000-8,000) -^3.271. 000   pounds   per  square 

inch. 
Ultimate  strength. 

0. 

.0001 

.0001 

.0002 

.0003 
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BBICK8. 

No.  1459. 


DRY   PRESSED  BRICK. 


Shade  7,  from  i  down  the  kiln. 

Total  weight,  5  pounds  15f  ounces =127.2  pounds  per  cubic  foot. 

Length,  8".23. 

Sectional  area,  2".46X3".98=9.79  square  inches. 

Grauged  length,  5". 


Applied  loads. 

In  gauged  lengths. 

Remarks. 

Total. 

Per  square 
Inch. 

Oompres- 
slon. 

Set. 

Pounds. 

979 

1,968 

8,916 

6,874 

7,882 

9.790 

11,748 

18,706 

16,664 

17,622 

19,680 

21,688 

28,496 

26, 4M 

27,412 

29,870 

81.828 
88,286 
86,244 
87,202 
89,160 
41,118 
48.076 
46,034 
46,992 
48,950 
60,908 
62,866 
64,824 
66,782 
58,740 
60,698 
62,666 
64,614 
66,672 
68,680 
70,488 
72,446 
74,404 
76,362 
78,320 

86,600 

Pounds. 

100 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2,200 

2,400 

2,600 

2,800 

8,000 

8,200 
8,400 
8,600 
8,800 
4,000 
4,200 
4,400 
4,600 
4,800 
6,000 
6,200 
5,400 
6,600 
6,800 
6,000 
6,200 
6,400 
6,600 
6,800 
7,  COO 
7,200 
7,400 
7,600 
7,800 
8,000 

8,740 

Inch. 

0. 

.0002 
.0004 

.uuo; 

.0010 
.0012 
.0016 
.0018 
.0021 
.0026 
.0029 
.0032 
.0066 
.0089 
.0042 
.0046 

.0048 
.0062 
.0066 
.0068 
.0061 
.0066 
.0069 
.0078 
.0076 
.0080 
.0083 
.0086 
.0091 
.0094 
.0097 
.0101 
.0106 
.0109 
.0118 
.0116 
.0121 
.0126 
.0129 
.0184 
.0140 

Inch. 
0. 

Initial  load, 

£  (1,000-8,000)  »8,126,000  pounds  per 
Inch. 

E  (1,000^,000)  =2,846,000  pounds  per 

inch. 
Ultimate  strength. 

.0001 

.0001 

.0002 

square 

.0002 

square 

.0002 

.0004 

.0006 

.0006 

BRICKS. 

No.  1460. 
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DRY   PRESSED  BRIGK. 


Shade  2,  from  J  down  the  kiln. 

Total  weight,  5  pounds  13i  ounces =124. 3  pounds  per  cubic  foot. 

Length,  8".24. 

Sectional  area,  2".48X3".95=9.8  square  inches. 

Gauged  length,  5". 


Applied  InadR. 


Total. 


Pounda. 

9ao 

1,960 
8,920 
6,880 
7,840 
9,800 
11.760 
1^,720 
15,680 
17,640 
19,600 
21,660 
28,620 
25,480 
27,440 
•29,400 

81,860 


85,280 
87,240 
89,200 
41.160 
48,120 
45,060 
47,040 
49,000 

60,960 
52,920 
54,880 
66,840 
58,200 


Per  fiquare 


erfiqu 
Inch, 


Pounds. 

100 

20O 

400 

600 

800 

1,000 

1,200 

1,400 

1.600 

1,800 

2.000 

2.200 

2.400 

2,600 

2,800 

8,000 

8,200 
8.400 
8.600 
8,800 
4,000 
4,200 
4,400 
4,600 
4,800 
6,000 

5,200 
5,400 
5,600 
5,800 
5.940 


In  gauged  length. 

Compres- 
fdon. 

Inch, 

0. 
.0006 
.0006 
.0012 
.0017 
.0022 
.0026 

Set. 

Inch. 
0. 
0. 
0. 
0. 
0. 
.0001 

.0031 

.0086 

.0041 

.0046 
.0050 

.0001 

.0065 

.0009 

.0064 

.0068 
.0072 

.0002 

.0077 

.0082 

.0086 

.0091 
.0096 

.0004 

.0101 

.0107 

.0112 

.0118 
.0124 

.0005 

.0180 

.0189 

.0145 

Remarkn. 


Initial  load. 


E  (1.000-3,000)  »2.222.000  pounda  per  square 
inch. 


E  (1,000-5.000)  ^2,174.000  poundii  per  square 
inch. 


Ultimate  strength. 
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BRICKS. 

No.  1461. 

DRY   DRESSED  BRICK. 


Shade  06,  from  bottom  of  kiln. 

Total  weight,  6  pounds  12  ounces =119. 8  pounds  per  cubic  foot. 

Len^h,  8^'.  26. 

Sectional  area,  2".51x4".04=10.14.square  inches. 

Gauged  length,  5". 


Applied  loads. 

111  gauged  length. 

Remarks. 

Total. . 

Peraguare 
inch. 

Compres- 
sion. 

set 

Pounds. 

1,014 

2,028 

4,066 

6,084 

8,112 

10,140 

12,168 

14,196 

16,224 

18,252 

20,280 

22,306 

24,336 

26,  %4 

28,392 

90.420 

32,448 

Pounds.    1      Inch. 

100    1       0. 

200    !         .0006 

400             .0015 

600              .0025 

800              .0034 

1,000              .0041 

1,200              .0061 

1,400              .0060 

1,600               -0067 

Inch. 

0. 

0. 

0. 

0. 
.0001 
.0002 

Initial  load. 

1,800 

.0076 

2,000 
2,200 
2,400 
2,600 
2,800 
3,000 

3.200 

.0084 
.0093 
.0101 
.0111 
.0121 
.0131 

.0146 
.0166 

.0005 

.0009 

Ea,000-3,000)=  1.205,000  pounds   per  square    ; 
Inch. 

34,476    '         8,400 
35,300             3.480 

.0015 

Ultimate  strength. 

BBIGKS. 

No.  1462. 
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MUD   BRICK. 


Shade  8,  from  top  of  kiln. 

Total  weight,  6  pounds  1  ounce=144.3  pounds  per  cubic  foot. 

Length,  7".  89. 

Sectional  area,  2".  36X3". 90 =9. 20  square  inches. 

Gauged  length,  5". 


Applied  loads. 


Total. 


Pounds. 
920 
1,840 
8,680 
5,520 
7,300 
9.200 
n,040 
12,880 
14,720 
16,560 
18,400 
20,240 
22.080 
23,920 
26,7(50 
27,600 

29,440 
31.280 
33,120 
34.960 
86,800 
38,640 
40,480 
42.320 
44,160 
46.000 
49.680 
53.360 
55,200 
58,880 
62,560 
64,400 
68,060 
71,760 
73.600 
77.280 
80.960 
82.800 
86.480 
90.160 
92,000 

176,400 


Per  mtiarc 
incQ. 


PotituU. 

100 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1.800 

2,000 

2,200 

2.400 

2,600 

2,800 

3.000 

3.200 
3,400 
3,600 
8,800 
4,000 
4,200 
4,400 
4,600 
4.800 
5.000 
5.400 
5.800 
6,000 
6.400 
6,800 
7.000 
7,400 
7,800 
8.000 
8,400 
8,800 
9,000 
9,400 
9,800 
10,000 

•    19,170 


In  gauged  length. 


Compres-  | 

sion.       I 


Set. 


Inch. 

0. 

0. 
.0001 
.0002 
.0003 
.0004 
.0006 
.0007 
.0008 
.0009 
.0010 
.0011 
.0012 
.0013 
.0014 
.0015 

.0016 
.0017 
.0018 
.0019 
.0020 
.0021 
.0028 
.0024 


.0029 
.0080 
.0081 
.0084 
.0066 
.0088 
.0040 
.0042 
.0044 
.0046 
.0049 
.0051 
.0053 
.0056 
.0057 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 


.0001 


.0001 


.0001 


.0001 


.0001 


.0001 


.0001 

.666i' 


RemarkH. 


Initial  load. 


K  (1,000-3,000) =10,000,000  pounds  per  square 
inch. 


E  (1,000-10.000) =8,654.000  pimnds  p<?r  square 

inch. 
Ultimate  strength. 
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BRICKS. 

No.  1463. 

MUD  BRICK. 


Shade  5,  from  i  down  the  kiln. 

Total  weight,  6  pounds =136.4  pounds  per  cubic  foot. 

Length,  8".04. 

Sectional  area,  2".36X3".99=9.38  square  inches. 

Gauged  length,  6". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Persqaare 
inch. 

Compres- 
sion. 

Set. 

1,876 

8,752 

5,628 

7,504 

9,880 

11.266 

18,132 

15,008 

16,884 

18,760 

22,512 

26,264 

28,140 

81,892 
85,644 
87,620 
41,272 
45,024 
46,900 
50,652 
54,404 
66,280 

60,032 
68,784 
147,000 

Pounds. 

100 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2,400 

2.800 

8,000 

8,400 
3,800 
4,000 
4,400 
4,800 
5,000 
5,400 
5,800 
6,000 

6,400 
6,800 
15,670 

Inch. 

0. 

.0001 
.0008 
.0004 
.0005 
.0006 
.0007 
.0009 
.0010 
.0011 
.0012 
.0015 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 

E  (l,00O-^,000)»7,692,O00  pounds  per  square 
inch. 

£  (1,000-6,000)  »7,576,000  pounds  per  square 

inch. 
Snapping  sounds. 
Spawled  at  lower  edge, 
ultimate  strength. 

0. 

.0017 
.0019 

.0021 
.0024 
.0026 
.0028 
.0081 
.0033 
.0035 

0. 

0. 

.0001 

.0088 
.0040 

.0042 

.0001 

1 

BRICKS. 

No.  1464. 

MUD  BRICK. 
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Shade  2,  from  i  down  the  kiln. 

Total  weight,  6  pounds  4i  ounces =130. 6  pounds  per  cubic  foot. 

Length,  8".30. 

Sectional  area,  2".48X4".07= 10.09  square  inches. 

Gauged  length,  5". 


Applied  loads. 

In  gauged  length. 

RemarkK. 

Total, 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

Pounds. 

1,009 

2,018 

4,066 

6,054 

8,072 

10,090 

12,106 

14,126 

16,144 

18, 162 

20,180 

24,216 

28  252 

Pounds. 

100 

200 

400 

600 

800 

1,000 

1,200 

1)400 

1,600 

1,800 

2,000 

2,400 

9  mn 

Inch.   • 

0. 

0. 
.0001 
.0008 
.0006 
.0008 
.0010 
.0012 
.0014 
.0016 
.0019 
.0022 
.0027 
.0029 

.0064 
.0039 
.0042 
.0045 
.0060 
.0062 
.0066 
.0061 
.0068 
.0068 
.00^ 
.0076 

Initial  load. 

E  (1.000-^.000)  =  5,268,000  pounds  per  square 

inch. 
Snapping  sounds. 
Comer  spawled  off. 

E  (1,000-7.000)  »  4,545,000  pounds  per  square 

inch. 
Ultimate  strength. 

.0001 

80,270    1         siOOO 

84,806    i         3,400 
88.842    ,         3,800 
40,860             4,000 
44.896    1         4,400 
48,432    !         4.800 
60,450             5,000 
54,486    1         5,400 
58,522             5,800 
60,540             6,000 
64,576             A  400 

.0002 

.0002 

.0002 

.0002 

68,612 
70,680 

105,100 

6.800 
7,000 

10,420 

.0002 
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BBIGKS. 
No.  1465. 


MUD   BRICK. 


Shade  03,  from  bottom  of  kiln. 

Total  weight,  6  pounds  41  ounces  =  125.4:  pounds  per  cubic  foot. 

Length,  8".26. 

Sectional  area:  2". 51  X  4".  15=  10.42  square  inches.  . 

Gauged  length,  5". 


Applied  loadH. 

In  gauged  length. 

Remarks. 

Total. 

Per  flqtiaro 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
1,042 
2,064 
4.168 
6,262 
8,336 
10,420 
12,604 
14,688 
16,672 
18,766 
20,840 
26,006 
29,176 
31,260 

36,428 
39,696 
41,680 
46,848 
60.016 
52,100 
56,268 
60,436 
62,500 
66,668 
70,866 
72,940 
77,108 
81,276 
88,860 

113,300 

Pwmds. 

100 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2,400 

2.800 

3,000 

3,400 
3,800 
4,000 
4,400 
4,800 
6,000 
6,400 
6,800 
6,000 
6,400 
(^800 
7,000 
7,400 
7,800 
8,000 

10,870 

Inch. 

0. 
.0001 
.0002 
.0004 
.0007 
.0009 
.0010 
.0012 
.0016 
.0017 
.0019 
.0023 
.0029 
.0081 

.0036 
.0041 
.0044 
.0049 
.0064 
.0067 
.0062 
.0068 
.0070 
.0076 
.0060 
.0064 
.0069 
.0094 
.0096 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

IniUal  load. 

E  (1,000-3.000)=  4.545,000  pounds  per  square 
inch. 

E  (1,000-8,000)  =3,977,000  pounds  per  square 

inch. 
Ultimate  strength. 

0. 

0. 



""'6: 

0. 

0. 

.0001 

.0001 

BBIGK8. 
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SUTE-SLABS,  CUBES,  AND  ROOFING. 


MATERIAL  FURNISHED  BY  THE  MATHEWS  C0N80UDATED  SLATE  COMPANY, 

BOSTON,  MASS. 
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SLATE SLABS.   OUBBS.   AND   HOOFING. 

Chemical  cmalyu^. 


357 


HarkiL 

Color. 

Silica. 

Oxide  of 
iron. 

Alumina. 

Lime. 

;Oxldeof 

maf- 
neslum. 

Carbon 
dioxide. 

1 

2 

8 

4 

6 

Purple 

61.75 
61.61 
70.20 
67.00 
60.12 
• 

7.06 
6.70 
4.86 
8.«7 
8.00 

18.81 
19.56 
17.65 
24.28 
25.74 

2.00 
2.88 

Trace. 

Trace. 

Trace. 

8.06 
8.85 
Trace. 
2.06 
2.75 

7.84 
5.95 
8.22 
8.48 
8.89 

Qreen 

Red 

Red 

Qreen 

Compression  Tests  op  Slabs. 


i 


I 


Dlmenrions. 

UlUmate 
strength. 

No.  of 
test. 

Marks. 

Color. 

Sec- 
tional 

Fracture. 

Height. 

Compreased 
surface. 

area. 

Total. 
PdmnnU. 

Per 
square 
Inch. 

India. 

Inches. 

Int. 

Sq.iHB. 
24.24 

PomuU, 

12,011 

2B 

Oreen  . 

80.05 

12.00 

2.02 

429.000 

17,700 

Crushed  at  one  end  and 

12,012 

2B 

....do.. 

90.06 

11.99 

2.02 

24.22 

168,000 

6,940 

split  longitudinally. 
Split  along  a  false  Jobit 

at  middle  of  height. 
Crushed  at  one  end. 

12,018 

2B 

....do.. 

80.00 

12.00 

1.98 

28.76 

889.000 

16,870 

12,014 

7C 

Purple. 

80.06 

12.01 

1.96 

28.78 

255,800 

10,760 

Crushed  at  one  end  and 
split  longitudinally. 

12,015 

7C 

....do.. 

80.05 

12.00 

2.00 

24.00 

279,000 

11,680 

Do. 

12,016 

7C 

....do.. 

80.08 

12.01 

2.01 

24.14 

840.600 

14.110 

Crushed  at  middle  of 
height. 

12,017 

6B 

Bed... 

80.05 

11.99 

1.96 

28.14 

806,000 

18,220 

Crushed  near  end,  split 
longitudinally. 

12,018 

6B 

....do.. 

80.05 

12.00 

1.97 

28.64 

205,000 

8,670 

Crushed  at  end,  split 
longitudinally. 

12,019 

6B 

....do.. 

80.05 

12.00 

1.96 

28.52 

265,400 

11.280 

Crushed  at  end  and 
split  longitudinally. 
Oblique  oiack  near 
middle,    . 
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SLATE SLABS,  CUBES,  AND  BOOFIKa. 

■       Test  No.  12020. 

OOMFBESSIOK  TeSTS  OF  CUBES. 


Harki. 

Color. 

How  tested. 

Dlmeniions. 

Sec- 
tional 
area. 

Ultimate  strengtb. 

Height 

Compiened 
surface. 

Total. 

Per 
■quare 
inch. 

lA 
lA 
lA 
lA 
lA 
lA 

2A 
2A 
2A 
2A 
2A 
•2Aa 

3A 
8A 
8A 
3A 
8A 
8A 

5A 
5A 
5A 
5A 
5A 
5A 

6A 
6A 
6A 
6A 
6A 
6A 

.f^l?::::::;: 

do 

do 

do 

do 

On  bed 

do 

do 

Ouedge 

do 

do 

Inehet. 
8.99 
8.96 
4.00 
8.99 
4.00 
8.96 

4.10 
4.09 
4.07 
8.97 
8.99 
8.96 

4.06 
4.08 
4.09 
4.15 
4.01 
4.12 

4.00 
8.99 
8.99 
4.00 
4.00 
4.00 

4.00 
8.96 
8.97 
4.00 
4.01 
4.00 

India, 
•4.00 
4.00 
8.97 
8.96 
8.99 
8.96 

4.00 
4.01 
4.00 
4.00 
4.00 
4.00 

3.80 
8.96 
4.02 
4.08 
4.08 
4.01 

4.00 
4.00 
4.00 
4.02 
4.00 
4.00 

4.00 
4.00 
4.00 
4.02 
4.02 
4.01 

Inchei. 
4.00 
8.96 
4.00 
8.99 
8.99 
4.00 

4.01 
4.00 
4.00 
4.07 
4.06 
4.05 

3.99 
3.97 
4.01 
4.00 
4.07 
4.00 

4.00 
4.00 
4.00 
8.99 
4.00 
4.08 

4.01 
4.00 
4.01 
3.97 
3.96 
3.96 

SqAnt, 

16.00 

15.80 

15.88 

15.80 

15.92 

15.80 

16.04 
16.04 
16.00 
16.28 
16.24 
16.20 

15.16 
15.72 
16.12 
16.12 
16.40 
16.04 

16.00 
16.00 
16.00 
16.04 
16.00 
16.12 

16.04 
16.00 
16.04 
15.96 
16.00 
15.84 

PimndM. 

421,000 

440,000 

463,000 

494,000 

504.000 

432,000 

396,800 
853,000 
874,600 
409,000 
400,600 
827,000 

421,600 
456,000 
474,000 
266.000 
269,900 
260,600 

819.000 
348,800 
820,600 
227,600 
299.600 
270,000 

489,500 
882.800 
421,000 
834,000 
349,500 
809,000 

Pounds. 
26,810 
27,860 
28.580 
81.270 
31,660 
27,970 

24,680 
22,010 
28,410 
2^128 
24.6A0 
20,190 

27,800 
28,940 
29,400 
15,820 
16,460 
16,180 

19,940 
21,490 
20.080 
14,180 
18,780 
16,750 

27,400 
28,980 
26,260 
20  980 
21,840 
23,800 

Green 

do 

On  bed 

do 

do 

do 

do 

do 

do 

On  edge 

do 

do 

Bed 

On  bed 

do 

do 

do 

do 

do 

do 

do 

On  edge 

do 

do 

Green 

do 

On  bed 

do 

do 

do 

do 

do 

On  edge 

do 

do 

..do 

Red 

On  bed 

do 

do 

do 

do 

do 

do 

do 

Oned«e 

do 

do 

oOompre«ed  rarlace  not  flat. 
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SLATE SLABS,  CUBES,  AND   ROOBING.  359 

Test  No.  12021. 

Transverse  Tests  of  Roofiko  Slates. 

Slates  supported  at  ends,  16  inches  apart,  and  loaded  at  the  middle. 
Slates  were  about  20  inches  long  each. 


Marks. 

Color. 

DixnensioDs. 

Maxl- 
nmm 
deflec- 
tion. 

Ultimate  strength. 

Fracture. 

Breadth. 

Depth. 

Total. 

Modulus 
of  rupture 

1 
1 

1 

2 
2 
2 

8 
8 
8 

4 
4 
4 

6 
6 
6 

Purple 

Jnche$. 
9.90 
9.96 
9.96 

9.80 
9.90 
9.97 

9.96 
10.16 
10.00 

9.96 
9.96 
10.00 

9.96 
10.00 
9.96 

Inch. 
.29 
.28 
.23 

.80 
.26 
.24 

.26 
.26 

.28 

.29 
.24 
.28 

.26 
.27 
.27 

Inch. 
.11 
.14 
.11 

.U 
.11 
.12 

.12 
.09 
.10 

.06 
.14 
.10 

.11 
.10 
.16 

PimndM. 
827 

m 

813 
279 
204 

216 
202 
806 

296 
223 
260 

278 
221 
226 

PoundB, 
9.480 
9,210 
7,670 

8,820 
10,010 
8.620 

7,670 
7.060 
9,480 

8,490 
9,840 
7.960 

9,900 
7.280 
7.440 

Oblique. 

do 

do 

Qreen 

do 

do 

Red 

do:.::::::.::: 

do 

do 

do 

do 

Qreen 

do 

do 

a  Contained  a  false  joint  8  inches  eccentric,  fracture  not  affected  thereby.    Broke  at  the  center  of 
the  span. 

Test  No.  12,022. 
Transverse  Tests  of  Treads. 


Supported  at  the  ends  54  inches  apart.     Loaded  at  the  middle. 


Marks. 

Color. 

Maximum 
deflecUon. 

UlUmate  stiength. 

Fracture. 

1  :    ..Uh. 

Depth. 

Total. 

Modulus 
of  rupture 

2C 
2C 
2C 

6D 
6D 
6D 

7D 
7D 

Qreen 

Incha. 
12.00 
12.00 
12.00 

12.00 
1*2.01 
12.00 

12.00 
12.01 

Incha. 

1.00 

.99 

1.06 

1.04 
1.06 
1.08 

1.06 
1.06 

Inch, 
-244 
866 

.296 

.168 
.282 
.268 

.286 
.206 

PoundM, 
1,100 
1.680 
1,660 

1.080 
1,864 
1,486 

1.686 
1,060 

Awndf. 
7,426 
11.280 
10,100 

6,480 
8,190 
9,140 

9,680 
6,800 

do 

do 

Red 

do 

do 

Purple 

do 

360 


SLATE — SLABS;  CUBES,  AKD   HOOFING. 

Details  of  Traksvebse  Tests. 

green  tread,  2g,  first  sample. 


Applied  loads. 

Deflec- 
tions. 

Remarks. 

Total. 

Modulus 

of  rupture 

per  square 

incn. 

50 
100 
150 
200 
250 

50 
800 
360 
400 
450 

50 
600 
660 
600 
650 

50 
700 
760 
800 
860 

60 

900 

960 

1,000 

1,060 

60 
1,100 

Pounds. 

Inch. 

0. 

.012 
.024 
.086 
.048 

0. 
.060 
.072 
.064 
.097 

0. 
.109 
.120 
.182 
.146 

0. 
.150 
.170 
.182 
.194 

0. 
.207 
.218 
.290 
.244 

Initial  load. 
Ultimate  strength. 

7,426 

GRREN  TREAD,  2C,  SECOND  SAMPLE. 


Applied  loads. 

Deflec- 
tions. 

Remarks. 

Total. 

Modulus 

of  rupture 

per  square 

inch.  . 

Pounds} 

60 

250 

60 

450 

50 

650 

50 

850 

50 

1,060 

60 

1,250 

1,460 

1,630 

Inch. 
0. 

.056 
0. 

.111 
0. 

.162 
0. 

.214 
0. 

.2IW 
0. 

.310 

.365 

Initial  load. 
ITltimale  strength. 

11,230 

SLATE — SLABS,   CUBES,    AND   ROOFING. 

Detaii^  of  Tbansyerse  Tests — Continued. 

OREEN  TREAD,  2C,  THIRD  SAMPLE. 
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Applied  lOfMlR. 

Deflec- 
tions. 

Remarks. 

Total. 

Modulus 
of  rupture 

Pounds. 

60 

250 

60 

450 

60 

660 

60 

850 

50 

1,050 

50 

1,250 

60 

1,450 

60 

1,660 

Pounds. 

Inch. 
0. 

.049 
0. 

.090 
0. 

.131 
0. 

.171 
0. 

.214 

Initial  load. 

Ultimate  strength.    Sustained  the  maximum  load  4  min- 
utes, then  fractured. 

.256 

.296 

10,100 

RED  TREAD,  6D,  FIRST  SAMPLE. 


Applied  loads. 

Deflec- 
tions. 

Remarks. 

Total. 

Modulus 

of  rupture 

per  square 

inch. 

Pounds. 

50 
250 

50 
450 

50 
650 

50 
850 

50 
1,0» 

Pounds. 

Inch. 
0. 

.042 
0. 

.084 
0. 

.125 
0. 

.168 
0. 

IniUal  load. 
Ultimate  strength. 

6,430 

RED  TREAD,  6D,  SECOND  SAMPLE. 


Applied  loads. 

Deflec- 
Uons. 

Remarks. 

Total. 

Modulus 
of  rupture 

Pounds. 

50 
250 

50 
460 

50 
G50 

50 
860 

60 

1,864 

Pounds. 

Inch. 
0. 

.040 
0. 

.079 
0. 

.118 
0. 

.166 
0. 

.194 
0. 

.282 
0. 

Initial  load. 
Ultimate  strength. 

8,190 

862  dLATE SLABS,  CUBES,  AVX>  BOOPIKO. 

Details  of  Tbaksyerse  Tests — Continued. 

RED  TREAD,  6D,  THIRD  SAMPLE. 


Applied  loadii. 

Deflec- 

tlOTIfl. 

Remarki. 

Total. 

ModaloB 
of  rupture 

Poundi, 

fiO 

250 

50 

460 

60 

650 

60 

860 

60 

1,060 

50 

1,250 

50 

1,486 

Pounds. 

Inch, 
0. 

.040 
0. 

.081 
0. 

.128 

Initial  load. 
Ultimate  itrength. 

.165 

.262 

9,140 

PURPLE  TREAD,  7D,  FIRST  SAMPLE. 


Applied  loads. 

Defleo- 

tiODB. 

Remarks. 

Total. 

ModulOfl 
of  rupture 

Pounds. 

60 

250 

50 

460 

60 

660 

50 

860 

60 

1,050 

50 

1,250 

60 

1,460 

50 

1,556 

Pounds. 

Inch. 
0. 
.046 

Initial  load. 
Ultimate  strength. 

.087 

.127 

.167 

.210 

.258 

.296 
0. 

9,680 

PURPLE  TREAD,  7D,  SEOOND  SAMPLE. 


Applied  loads. 

Deilec- 
ttons. 

Remarks. 

Total. 

Modulus 
of  rupture 

Pounds. 

50 
250 

60 
460 

60 
660 

60 
860 

60 
1.060 

Pounds. 

Jndi. 
0. 

.052 
0. 

.108 
0. 

.154 
0. 

.205 
0. 

Initial  load. 
Ultimate  ftrenfth. 

6.800 

SLATE — ^SLABS,  CUBES,  AND   BOOFIKG. 

Test  No.  12023. 
CoMPBESSiON  Tests  of  Slabs. 
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GR££K   SLAB. 


Iffarks.  2D. 

Dimensions,  12".01xl".96x60". 
Sectional  area,  23.54  square  inches. 
Gauged  length,  30". 


Applied  lo*d8. 

In  gauged  length. 

Remarks. 

Total. 

Peraquare 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

2,354 

4,708 

9,416 

14.124 

18.882 

28,540 

47.080 

70,620 

94,160 

117,700 

190,800 

Pounds. 

100 

200 

400 

600 

800 

1,000 

2,000 

8,000 

4.000 

5,000 

8,110 

Inch. 

0. 

.0002 
.0007 
.0012 
.0017 
.0028 
.0044 
.0065 
.0068 
.0109 

Inch. 
0. 

Initial  load. 

opened  seam  along  cleavage  planes  near  one 

end  of  slab. 
E  (1,000^,000) =13.958,000  pounds  per  square 

inch. 
Ultimate  strength. 

0. 
0. 
0. 
0. 
0. 

Seams  at  end  gradually  opened,  finally  splitting  iongitudinallj'-  the 
full  length  of  the  slab. 


GREEK  SLAB. 


Dimension's,  12".01xl".97x60". 
Sectional  area,  23.66  square  inches. 
Gauged  length,  30". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

2,866 

4,782 

9.464 

14,196 

18,928 

28,660 

47,820 

70.980 

94,640 

118,800 

219,000 

Pounds. 

100 

200 

400 

600 

800 

1,000 

2,000 

8,000 

4.000 

5,000 

9,260 

Inch. 

0. 
.0002 
.0007 
.0012 
.0017 
.0022 
.0048 
.0064 
.0065 
.0107 

Inch. 
0. 

Initial  load. 

Opened  seam  at  one  end  along  cleayage  planes. 
£  (1,000-5,000)-14,286,000  pounds  per  square 

inch. 
Ultimate  strength. 

0. 
0. 
0. 
0. 
.0001 

Crushed  at  ends  and  split  longitudinally  from  end  to  end. 
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SLATE SLABS,  CUBES,  AND   ROOFING. 

GREEN   SLAB. 


Marks,  2C. 

Dimensions,  12"  X  1".98  X  60". 
Sectional  area,  28.76  square  inches. 
Gauged  length,  30". 


Applied  loadfl. 

In  ganged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
don. 

Bet. 

Pmmdi. 
2,376 
4  762 
-        9604 
14,266 
19,006 
28,760 
47,620 
71,280 
96,040 

206,000 

Pounda. 

100 

200 

400 

600 

800 

1,000 

2,000 

8,000 

4,000 

8,630 

Inch. 

0. 

.0008 
.0006 

.0014 

.0019  . 

.0028 

.0048 

.0068 

.0088 

Inch. 
0. 

Initial  load. 

Crack  opened  near  end  of  slab. 

E  (1,000-4,000)  =  16,000,000  pounds  per  square 

inch. 
Ultimate  strength. 

0. 
0. 
0. 
0. 

RED  SLAB. 


Marks,  6D. 

Dimensions,  12"x2".04x60".08. 
Sectional  area,  24.48  square  inches. 
Gauged  length,  30". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounda. 

2,448 

4,896 

9,792 

14,688 

19,684 

24,480 

48,960 

78,440 

97,920 

122,400 

146,880 

171.860 

267,000 

Pounda. 

100 

200 

400 

600 

800 

1,000 

2,000 

3,000 

4,000 

6,000 

6,000 

7,000 

10,910 

Inch. 

0. 
.0001 
.0004 
.0007 
.0010 
.0018 
.0090 
.0049 
.0066 
.0086 
.0106 
.0124 

Inch. 
0. 

IniUal  load. 

E  (1,000-7,000)  =  16,216,000  pounds  per  square 

inch. 
Ultimate  strength. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

SLATE — BLABS,  CUBES,  AND   BOOFINd. 
BED  SLAB. 

Marks,  6C. 

Dimensions,  12"  XI".  99X60".  06. 
Sectional  area,  23.88  square  inches. 
Gauged  length,  30". 


365 


AppUed  loads. 

In  ganged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

PoundM, 

2,888 

4.776 

9,662 

14  828 

19,104 

28^880 

47,760 

71,640 

96,620 

119,400 

148,280 

160,000 
219,000 

PtmndM. 

100 

200 

400 

600 

800 

1,000 

2,000 

8,000 

iooo 

6,000 
6,000 

6.280 
9,170 

Inch. 

0. 

.0001 
.0006 

.0010 
.0014 
.0020 
.0040 
.0060 
.0060 
.0101 
.0128 

Inch, 
0. 

Initial  load. 

E  (1,000-6,000) »14,568,000  pounds  per  square 

inch. 
Longitadinal  seams  opened. 
Ultimate  strength. 

0. 

0. 

0. 
.0001 
.0001 
.0006 

Sustained  the  maximum  load  3  minutes  and  then  fractured  by 
crushing'^  at  a  place  16  inches  from  the  end  of  the  slab,  and  splitting 
longitu£nally. 

BED  SLAB. 

Marks,  6C. 

Dimensions,  12"  X  1".96  X  60". 
Sectional  area,  23.40  square  inches. 
Gauged  length,  30". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Persqiiare 
inch. 

Compres- 
sion. 

Set 

Amadt. 

2,840 

4,680 

9,860 

14040 

18,720 

23,400 

46,800 

70,200 

98,600 

117,000 

186,800 

Pounds. 

100 

200 

400 

600 

800 

1,000 

2,000 

8,000 

4)000 

6,000 

6,800 

Inch, 

0. 
.0002 
.0006 
.0010 
.0016 
.0019 
.0088 
.0067 
.0077 
.0106 

Inch. 
0. 

Initial  load. 

Longitudinal  seam  opened. 

£  (1,000-6,000)  a  14,118,000  pounds  per  square 

inch. 
Ultimate  strength. 

0. 

0. 
.0001 
.0001 
.0001 

Crushed  at  one  end  and  split  longitudinally. 


866 


SLATE — SLABS,  CUBES,  AND   BOOFINO. 


FUBFLE  SLAB. 


Marks,  7C. 

Dimensions,  12".0lX2"X60".06. 
Sectional  area,  24.02  square  inches. 
Gauged  length,  30". 


AppUed  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Oompres- 

Set. 

PowuU. 
2,402 

9,606 
14,412 
19,216 
24,020 
48,040 
72,060 
96,080 

229,100 

Poundt. 
100 
200 
400 
600 
800 
1,000 

S'2ffi 
8,000 

4,000 
9,540 

Inch. 

0. 

.0002 
.0006 
.0009 
.0018 
.0016 
.0086 
.0064 
.0072 

Inch. 
0. 

Initial  lo*d. 

Opened  longitudinal  craek. 

E  (1.000-4,000) » 16,667.000  pounds  per  square 

inch. 
Ultimate  strength. 

0.     . 

0. 
.0002 
.0006 

FUBFLE  SLAB. 

Marks,  7C. 

Dimensions,  12"X2".03X60".04. 
Sectional  area,  24.86  square  inches. 
Gauged  length,  30". 


AM>lied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set 

Pmmd8. 
2,436 
4,872 
9.744 
14,616 
19,488 
24,860 
48,720 
73,080 

97,440 
121,800 
237,000 

Pounds. 

100 

200 

400 

600 

800 

1,000 

2,000 

8,000 

4,000 
5,000 
9,780 

Inch. 

0. 
.0006 
.0007 
.0013 
.0015 
.0019 
.0065 
.0056 

.0078 
.0100 

Inch. 
0. 

Initial  lo*d. 

E  (1.000-3.000)  »19,855,000  pounds  per  square 
inch. 

Ultimate  strength. 

.0005 
.0005 

.0011 

.0015 
.0010 

CEMENT. 


367 


OEMEIIT. 


869 


OIMBITT. 

ro}fPRESSION  TESTS  OF  4-INCH  CUBES  OP  DIFFERENT  BRANDS  OF 

NEAT  CEMENT. 

Alpha  Cement,  Neat. 

Water  used  in  mixing,  25  per  cent 
Set  in  air. 


Age. 


Days. 

7 
7 
7 
7 

7 


Jfos. 


Dimensions. 


Height. 


Inches. 
4.10 
4.00 
4.02 
4.06 
4.12 

4.00 
8.99 
4.06 
4.00 
4.06 

4.06 
4.07 
4.01 
4.06 


Compreflsed  sur- 
face. 


Sec- 
Uonal 
area. 


Indies. 

Inches. 

4.4)1 

3.92 

4.08 

3.97 

4.00 

4.00 

4.02 

4.00 

4.00 

4.01 

4.04 

4.00 

4.06 

4.01 

4.02 

8.97 

4.07 

4.00 

8.98 

4.00 

8.96 

4.00 

4.01 

8.96 

8.99 

4.00 

4.00 

8.99 

Sq.  inches, 
15.72 
16.00 
16.00 
16.08 
16.04 

16.16 
16.24 
15.96 
16.28 
16.92 

15.92 
16.88 
16.96 
16.96 


Flnt 
crack. 


Prmnds. 
87.800 
91.000 
97.000 
88,900 

101,600 


114.000 
101,000 


Compressiye  strength. 


Total. 


Pounds. 
89,700 
93.600 
98,900 
95.600 
102,600 

117,600 
U6,000 
105,600 
128,000 
129,100 

181,100 
148,200 
128.400 
143,700 


Per 
square 
inch. 


Pounds. 
6,706 
6,850 
6.181 
6,989 
6,390 

7,271 
7,148 
6.610 
7,555 
8,109 

8.235 
9.018 
8,045 
9,004 


Mean. 


Pounds. 


6,010 


7,840 


8.560 


Atlas  Cement,  Neat. 


Water  used  in  mixing,  25  per  cent 
Set  in  air. 


Days. 

7 
7 
7 
7 

pe. 
Mos, 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

Compressive  strength. 

Height 

Compressed  sur- 
face. 

ToUl. 

Per 
square 
inch. 

Mean. 

Inches. 
4.03 
8.99 
4.00 
4.02 
8.96 

8.97 
4.00 
4.00 
8.98 
4.00 

8.96 
8.97 
8.98 
8.98 

Inches. 
8.98 
4.10 
4.06 
8.98 
4.06 

4.08 
4.08 
4.01 
4.05 
4.06 

4.07 
4.09 
4.06 
4.06 

Inches. 
4.08 
4.09 
4.09 
4.05 
4.04 

4.06 
4.09 
4.00 
4.10 
4.00 

4.01 
8.99 
8.99 
4.00 

Sq.  inches. 
16.24 
16.77 
16.56 
16.12 
16.86 

16.24 
16.48 
16.04 
16.61 
16.24 

16.82 
16.82 
16.08 
16.12 

Pounds. 

Pounds. 
67,200 
56,700 
66.600 
60,800 
66,100 

89.800 
88.800 
88,200 
89,100 
88,000 

96.600 
96,400 
96,800 
94.000 

Pounds. 
3.620 
8,380 
8.410 
8.710 
3,430 

5,580 
6,860 
5,190 
6.860 
5,420 

6,860 
5,860 
5,960 
5.880 

Pounds. 



'"S,AW" 

6.870 

83,800 

5,870 

H.  Doc.  386 24 


870  CEMENT. 

Lehigh  Cement,  Neat. 

FIRST  SERIES. 

Water  used  in  mixing,  26.8  per  cent. 
Set  in  air. 


DlmenaionB. 

Sec- 
tional 
area. 

Flmt 
crack. 

Ck>mpre8Biye  utrength. 

Age, 

Height 

GompreiBed  Bur- 
laoe. 

Total. 

Per 
aqoare 
inch. 

Mean. 

Days. 

7 

7 
7 

Jfos. 
3 

Inekes. 
4.02 
4.02 
4.09 
4.07 

4.14 
4.10 
4.08 
4.04 

4.08 
4.06 
4.00 

Inches, 

4.01 
4.01 
4.01 

4.00 
4.02 
8.94 
4.01 

4.06 
4.08 
4.06 

Inches. 
8.96 
4.10 
4.02 
4.04 

8.99 
8.99 
4.06 
4.00 

4.00 
4.00 
4.00 

Sq.inches. 
16.08 
16.44 
16.12 
16.20 

15.96 
16.04 
16.88 
16.04 

16.20 
16.82 
16.20 

Pounds. 

Pounds. 
69,900 
67,800 
68.000 
72,400 

89,900 
96,600 
87,900 
84,100 

108,600 
97,600 
106,800 

Pounds. 
4,847 
4,097 
4,218 
4,460 

6,583 
6  964 
6,586 
5,248 

6,889 
5,980 
6,562 

Pounds. 

4,280 

87.000 
98,800 
87,900 
84,100 

97,600 
97,600 
105,000 

■**6,'596* 

6,810 

Lehigh  CsifENT,  Neat. 

SECOND  SERIES. 


Water  used  in  mixing,  18  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

Pounds. 

Compressive  strength. 

Height. 

CompieflBed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

7 
7 
7 

MoiOhM. 

Inches. 
4.04 
4.16 
8.99 
4.05 

8.99 
8.99 
8.99 
4.00 

4.00 
8.99 
8.96 
8.96 
4.00 

Inches. 
8.98 
8.97 
4.07 
8.98 

4.10 
4.10 
4.06 
4.06 

4.06 
4.10 
4.10 
4.01 
4.06 

Inches. 
4.02 
4.08 
4.08 
4.06 

3.96 
3.98 
4.00 
4.00 

4.00 
4.05 
3.99 
4.06 
4.02 

Sq.  indies. 
16.00 
16.00 
16.40 
16.16 

16.24 
16.82 
16.24 
16.20 

16.24 
16.60 
16.86 
16.24 
16.82 

Pounds. 
91,500 
79,900 
99,600 

102,100 

99,600 
96,100 
104,600 
89,700 

118,100 
113,000 
110,000 
113,500 
116,200 

Pounds. 
6,720 
4,990 
6,070 
6,820 

6,180 
6.880 
6,440 
6,640 

7,270 
6,810 
6,720 
6,990 
7,120 

Pounds. 

5,780 

70,000 

81,700 

117,000 
102.000 
108.000 
118,ii00 
116,000 

6,990 

'"6;986" 

7 


OEMENT. 

Stab  Pobtland  Cembnt,  Neat. 

WITH  FLASTEB. 


871 


Water  used  in  mixing,  22^  per  cent 
Set  in  air. 


Dimenaioiia. 

Sec- 
Uonal 
area. 

Fint 
crack. 

OompresBiye  strength. 

Age. 

Height. 

GompreiBed  sur- 
face. 

Total. 

Per 
square 
Inch. 

Mean. 

BO... 

7 

7 
7 

Months. 

1 
1 
1 
1 

8 
8 
8 
8 

Inches. 
8.98 
8.99 
4.01 
4.00 

4.00 

4.00 

4.00 

.  4.01 

8.98 
4.07 
4.06 
4.07 

Inches. 
4.04 
4.04 
8.97 
8.98 

4.02 
4.05 
8.99 
4.00 

4.01 
8.99 
8.98 
8.99 

Inches. 
4.08 
4.00 
4.00 
8.91 

8.80 
8.90 
4.01 
8.86 

4.06 
8.99 
4.02 
4.02 

Sq.  inches. 
16.48 
16.16 
15.88 
16.66 

15.28 
15.80 
16.00 
16.44 

16.16 
16.92 
16.00 
16.04 

P^nds. 

Pounds. 
100,100 
101,200 
87,000 
98,700 

102,200 
118,100 
120,600 
107,800 

140,800 
119,900 
181,400 
182,000 

Pwmds. 
6,074 
6,262 
5,479 
6,022 

6,688 
7,168 
7;  688 
6,949 

8,718 
7;681 
8,218 

8,229 

Pounds. 

79,000 

'"hliio" 

102,200 
100,200 
120,600 
101,500 

140,800 
119,900 
181,400 
182,000 

7,080 

8,170 

Stab  Pobtland  Cement,  Neat. 

WITH  PI1A8TEB. 


Water  used  in  mixing,  26  per  cent 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

Fint 
crack. 

Compressiye  strength. 

Height 

CompTessed  sur- 
face. 

Total. 

Pounds. 
101,800 
106,200 
102,800 
105,000 

106,800 
110,100 
106,600 
m,900 

181,600 
184.100 
182,200 
181,000 

Per 
square 
inch. 

Mean. 

Day*. 

7 

7 
7 

Months. 

1 
1 
1 
1 

8 
8 
8 
8 

Inches. 
4.08 
8.99 
4.00 
4.02 

4.02 
4.02 
4.04 
4.01 

4.02 
8.99 
4.02 
4.04 

Inches. 
3.96 
4.06 
4.00 
4.00 

8.98 
8.96 
8.97 
4.00 

8.96 
4.06 
8.97 
8.96 

Inches. 
4.07 
4.06 
4.08 
4.10 

4.00 
4.09 
4.07 
4.04 

4.07 
4.03 
4.06 
4.06 

Sq.  inches. 
16.20 
16.66 
16.82 
16.40 

15.92 
16.28 
16.16 
16.16 

16.12 
16.86 
16.12 
16.08 

PotttuU. 

Pounds. 
6,254 
6,867 
6,268 
6,408 

6,709 
6,768 
6600 
6.926 

8,157 
8,197 
8,201 
8,147 

Pounds. 

*  '6.826'" 

6,760 

126,966 
*'i26.'i66" 

'*'8,"i86*' 
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CEMENT. 

Stab  Portland  Cement,  Neat. 

WITH   FLA8TEB. 


Water  used  in  mixing,  30  per  cent. 
Set  in  air. 


DimeosionB. 

Sec- 
tional 
area. 

First 
crack. 

Age. 

Height. 

Ck^mpreased  inir- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Days. 

8 
8 
8 

Months. 

1 
1 
1 
1 

8 
8 
3 
3 

Inches. 
3.95 
3.96 
4.09 
3.97 

4.04 
4.02 
4.00 
3.97 

3.96 
4.00 
4.00 
4.01 

Inches. 
4.05 
4.01 
3.98 
4.06 

3.97 
4.00 
4.00 
4.01 

4.01 
3.96 
4.02 
3.99 

Inches. 
4.19 
4.18 
4.20 
4.18 

4.06 
4.18 
4.11 
4.06 

4.12 
4.10 
4.09 
4.09 

Sq.  inches. 
16.97 
16.76 
16.72 
16.97 

16.20 
16.72 
16.44 
16.36 

16.52 
16.24 
16.44 
16.32 

Pounds. 

Pounds. 
106,800 
105,700 
99,100 
116,200 

109.500 
116,000 
112.000 
112,900 

126,200 
126,000 
133,200 
120,500 

Pounds. 
6,293 
6,807 
5,927 
6,848 

6,759 
6,988 
6,818 
•6,901 

7,639 
7,769 
8,102 
7,384 

Pounds. 

96,000 
103,400 

"■6;846"' 

62,000 
76,000 
104,000 

102,000 
108,000 
103,000 
76,000 

6,850 

7,720 

Star  Portland  Cement.    Neat, 
without  plaster. 


Water  used  in  mixing,  22^  per  cent. 
Set  in  air. 


Age. 


Days. 

7 
7 


Months. 


Dimensions. 


Height. 


Inches. 
4.05 
3.97 
3.96 
8.95 

3.97 
3.97 
4.01 
3.98 

4.04 
4.02 
4.02 
4.00 


CompreflBed  sur- 
face. 


Inches. 
4.00 
4.03 
4.00 
4.06 

4.03 
4.02 
4.00 
4.01 

3.96 
3.97 
3.97 
3.96 


Inches. 
4.10 
4.15 
4.16 
4.16 

4.10 
4.08 
4.10 
4.07 

4.10 
4.10 
4.13 
4.10 


Sec- 
tional 
area. 


Sq.  inches. 
16.40 
16.72 
16.60 
16.89 

16.52 
16.40 
16.40 
16.32 

16.24 
16.28 
16.40 
16.24 


First 
crack. 


Pounds. 


82,600 
77,200 
77,400 
92,000 

98,300 
97,600 
92,200 
108,100 


Comprewire  strength. 


Total. 


Pounds. 
69,200 
75,800 
80,100 
82,700 

82,500 
77,200 
88,400 
92,000 

98,300 
97,600 
92,200 
103,100 


Per     I 
square       Mean, 
inch. 


Pounds. 
4,220 
4,583 
4,825 
4,896 

4,994 
4,707 
5,390 
6,637 

5,746 
5,995 
5,622 
6.849 


Pounds. 


4.620 


5,180 


5,9S0 


6EMENT. 
Star  Portland  Cement.     Neat. 

WITHOUT  plaster. 


878 


Water  used  in  mixing,  25  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

Oompn 

Mive  strength. 

Per 
square       Mean, 
inch. 

Height. 

C^mpremed  Hur- 
face. 

Total. 

Pounds. 
96,800 
86,800 
86,700 
89.800 

99,100 
86.600 
100.100 
100,400 

121,600 
124,500 
125,900 
126,800 

Days. 

Months. 

1 
1 
1 
1 

8 
8 
8 
8 

Inches. 
8.99 
4.00 
3.99 
4.01 

4.00 
4.07 
4.01 
4.08 

4.06 
4.09 
4.08 
4.00 

Inches. 
4.07 
4.06 
4.02 
4.09 

4.04 
3.99 
4.00 
4.00 

4.02 
4.00 
4.08 
4.06 

Inches. 
8.99 
4.00 
4.02 
4.08 

4.00 
4.06 
4.02 
4.06 

4.01 
4.08 
3.99 
4.01 

Sq.  inches. 
16.24 
16.20 
16.16 
16.46 

16.16 
16.20 
16.06 
16.20 

16.12 
16.12 
16.06 
16.24 

Pounds. 

Pounds. 
6.980 
5,358 
5,489 
5,449 

6,182 
5,856 
6,225 
6,196 

7,643 
7,728 
7,880 
7,806 

Pounds. 

7 

7 

7 

5,560 



5,9W 

108,000 
122,000 
104,000 
89,000 

7.780 

Star  Portland  Cement,  Neat. 

WITHOUT  PLASTER. 


Water  used  in  mixinijr,  30  per  cent. 
Set  in  air. 


Al 

8 
8 
8 

re. 

Dimensions. 

Bee- 
Uonal 
area. 

First 
crack. 

OompresKlve  strength. 

Height 

Oompressed  sur- 
face. 

Total. 

Pottnds. 
78,100 
83,600 
80,600 
92,060 

89,900 
96.200 
98,400 
»7,600 

114.000 
116,200 
109,000 
110,000 

Per 
square 
inch. 

Mean. 
Pounds. 

Months. 

1 
1 
1 
1 

8 
8 
8 
8 

Inches. 
8.95 
4.06 
4.05 
4.06 

3.99 
3.99 
8.94 
8.96 

8.98 
8.96 
8.98 
8.97 

Inches. 
4.02 
3.99 
399 
8.97 

4.08 
4.00 
4.02 
4.06 

4.00 
4.01 
4.01 
4.08 

Inches. 
4.18 
4.20 
4.19 
4.14 

4.20 
4.15 
4.17 
4.14 

4.07 
4.12 
4.21 
4.11 

Sq.  inches. 
16.60 
16.76 
16.72 
16.44 

16.93 
16.60 
16.76 
16.77 

16.26 
16.52 
16.86 
16.56 

Pounds. 

Pounds. 
4.705 
4.988 
4,821 
5,599 

5,310 
5,796 
5,573 
5,814 

7,002 
7,155 
6,457 
6,648 

64,100 

5,030 

74,000 
91.600 
85,800 
97,000 

99.800 
99,000 
109,000 
107,400 

6.620 

6,810 

374 


OKMEKT. 
Whitehall  Cement,  Neat. 


Water  used  in  mixing,  25  per  cent. 
Set  in  air. 


Age. 

Dimenidons. 

Seo- 
ttonal 
area. 

PiZ8t 

crack. 

GomprefBive  strength. 

Height. 

Compreaeed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

7 
7 
7 
7 

Months. 

I 
1 
1 
1 
1 

8 
8 
8 
8 

Inches. 
3.96 
4.04 
4.06 
4.04 
4.06 

8.98 
8.98 
4.00 
4.00 
3.97 

3.96 
3.98 
8.96 
8.96 

Inches. 
3.92 
3.94 
8.96 
8^98 
3.95 

4.01 
4.02 
4.02 
4.07 
4.02 

4.04 
4.04 
4.08 
4.06 

Inches. 
4.04 
3.96 
8.96 
8.96 
8.96 

4.00 
8.97 
4.00 
4.00 
4.00 

8.97 
4.00 
8.96 
8.98 

Sq.inehes, 
16.84 
16.60 
16.68 
15.  TC 
15.64 

16.04 
16.96 
16.08 
16.28 
16.08 

16.04 
16.16 
16.92 
16.12 

Pounds. 

Pounds. 
88,600 
76,100 
89.900 
94,700 
92,400 

106,500 
116,400 
96,300 
102,000 
112,900 

120,600 
180.800 
122,900 
116,800 

Pounds. 
6.698 
4.878 
5.783 
6.024 
6,906 

6,764 
7,281 
6,927 
6,266 
7,021 

7,612 
8,063 
7,720 
7.216 

Pounds, 

"88*266" 

5.680 

"86,666" 
97,000 

6,640 

7,680 



Alsen  Cement,  Neat. 

Water  used  in  mixing,  29.2  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

Fixst 
crack. 

GompreaslYe  strength. 

Height. 

Compressed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Days. 

Months. 


1 
1 
1 
1 
1 

8 
8 
8 
8 
3 

Inches. 
4.06 
4.06 
3.99 
4.04 
4.01 

8.99 
3.98 
3.99 
4.00 
3.99 

8.97 
3.96 
8.97 
3.99 
3.96 

Inches. 
4.09 
4.06 
4.10 
4.12 
4.06 

4.06 
4.06 
4.04 
4.08 
4.07 

4.06 
4.06 
4.06 
4.08 
4.04 

Inches. 
8.96 
8.97 
4.02 
3.99 
3.96 

4.07 
4.09 
4.06 
4.09 
4.02 

4.06 
4.07 
4.12 
4.06 
4.07 

Sq.inehes. 
16.20 
16.06 
16.48 
16.44 
16.04 

16.62 
16.69 
16.48 
16.48 
16.86 

16.44 
16.62 
16.78 
16.44 
16.44 

Pounds. 

Pounds. 
64,800 
67,700 
67.800 
57,500 
67.400 

81,900 
81,600 
79.600 
82,800 
82,100 

93,500 
86,200 
98,900 
98.700 
88.800 

Pounds. 
3,380 
8.590 
3,480 
3.600 
3,580 

4,960 
4,880 
4,880 
4.990 
5,020 

6,600 
5,160 
6,610 
6,700 
6.870 

Pounds. 

"mIo" 

"  "4.946" 

91.000 

76,000 

6,610 

CEMENT. 

JCM980N  Cement,  Neat. 

Water  used  in  mixing,  26.7  per  cent. 
Set  in  air. 


376 


Age. 

DimenaionB. 

Sec- 
ttonal 
area. 

First 
crack. 

CompraBlYe  ■trenirth. 

Height. 

Gompreawd  sur- 
face. 

Total. 

Per 
■quale 
inch. 

Mean. 

Day$. 

7 
7 
7 
7 

MOHthM. 

1 
1 
1 
1 
1 

8 
8 
8 
8 
8 

4.00 
4.04 
8.96 
8.99 
4.07 

4.02 
4.06 
4.09 
4.00 
4.06 

4.06 
8.96 
4.06 
4.06 
4.08 

Indiet. 
4.10 
4.00 
4.02 
4.04 
4.00 

4.00 
8.99 
8.99 
4.01 
4.00 

4.00 
4.00 
4.01 
4.00 
4.00 

Inehet, 
8.91 
4.00 
8.96 
4.00 
4.01 

4.00 
4.00 
8.96 
8.96 
4.00 

4.02 
8.96 
8.92 
8.96 
8.99 

16.00 
16.92 
16.16 
16.04 

16.00 
16.96 
16.80 
16.96 
16.00 

16.08 
16.92 
16.72 
15.92 
16.96 

PoundM. 
89,900 

Amiidt. 
46,800 
48,800 
48,300 
441800 
48,600 

67,800 
64,400 
61,600 
68,600 
64,000 

78,700 
76,100 
76,600 
74,100 
71,800 

Amiidt. 
2,880 
2.710 
2,710 
?740 
2,710 

4,240 
4,040 
8.890 
8,960 
4,000 

4,660 
4  720 
4  870 
4,660 
4.600 

PomuU. 

2,750 

**4;6»" 

"i'tto"* 

Water  used  in  mixing, 
Set  in  air. 


Cathedral  Cement,  Neat. 

FIRST  series. 

7  per  cent,  i 


Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

Compressive  strength. 

Height 

OompresMd  sur- 
face. 

Total.* 

Per 

square 
inch. 

Mean. 

7 
7 
7 
7 

M<nUht. 

1 
1 
1 
1 
1 

8 
8 
8 
8 
8 

JncAes. 
4.00 
4.00 
8.96 
4.02 
8.96 

8.97 
8.97 
8.96 
8.96 
8.96 

8.96 
8.98 
8.97 
8.96 
8.99 

Inehet. 
4.06 
8.96 
4.04 
4.07 
4.04 

4.04 
4.04 
4.06 
4.01 
4.04 

4.06 
4.06 
4.06 
4.00 
4.08 

Inehet. 
4.01 
4.02 
4.00 
4.00 
4.02 

8.98 

4.00 
4.06 
4.06 
8.99 

8.99 
4.00 
4.08 
4.00 
8.99 

Sq.  inehet. 
16.16 
16.92 
16.16 
16.28 
16.24 

16.88 
16.16 
16.82 
16.86 
16.12 

16.20 
16.20 
16.86 
16.00 
16.06 

Poundt. 

Poundt. 
86,600 
84  200 
88,640 
86,0C0 
80,900 

46,100 
48,600 
60,100 
48,700 
47,000 

66.700 
68,900 
60.800 
49.900 
66,900 

Pwmdt. 
2.260 
2,160 
2,080 
2,160 
11900 

2,900 
8.000 
8.070 
2,960 
2,920 

8.600 
8,880 
8,720 
8^120 
8^480 

Ptmndt. 

2.110 

"'2;m" 

8,480 

876 


CEMENT. 

Cathedral  Cement,  Neat. 
second  sebies. 


Water  used  in  mixing,  18  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

Compressive  strength. 

Height. 

GompreaBed  sur* 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Days. 

8 
8 
8 
8 
8 

Months. 

3 
3 
3 
3 

Inches. 
4.09 
3.99 
4.10 
4.00 
3.99 

4.06 
4.04 
4.06 
4.09 
4.06 

4.05 
4.09 
4.14 

4.18 

Inches. 
3.99 
4.07 
3.99 
4.07 
4.07 

3.98 
3.98 
3.99 
4.00 
3.99 

3.99 
3.98 
3.99 
8.96 

Inches. 
4.05 
4.10 
3.73 
4.06 
4.07 

4.00 
4.02 
4.03 
4.06 
8.79 

4.01 
4.01 
3.98 
4.02 

Sq.  inches. 
16.16 
16.69 
14.88 
16.52 
16.56 

15.92 
16.00 
16.08 
16.24 
15.12 

16.00 
15.96 
15.88 
16.00 

Pounds. 

Pounds. 
69,900 
66,800 
61.200 
56,600 
67,500 

63,800 
63,400   . 
69,300 
68.000 
51,000 

76,700 
73.500 
70,100 
67,200 

Pounds. 
8,710 
8,970 
4,110 
8,420 
4,080 

4,010 
8.960 
4,310 
4,190 
8,870 

4,780 
4,610 
4.410 
4,200 

Pounds. 

"zim" 

59,800 
58,600 
67,000 

8,970 

75,500 
39,000 
52,000 
64,000 

4.490 

SnJCA  Cement,  Neat. 

FIBST  SEHIES. 

Water  used  in  mixing,  28i  per  cent. 
Set  in  air. 


1 

Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

Compressive  strength. 

Height. 

Compressed  sur- 
face. 

Total. 

Per 
square 
inch. 

Menu. 

Days. 

Months. 

8 
3 
3 
3 
8 

12 
12 

Inches. 
4.05 
4.00 
4.03 
3.96 
8.96 

8.96 
8.97 
3.96 
3.98 
4.00 

3.97 
8.99 
3.96 
3.96 
3.96 

8.96 
8.98 

Inches. 
4.00 
4.09 
8.96 
4.03 
4.06 

4.15 
4.02 
4.04 
4.04 
4.18 

4.01 
4.05 
4.08 
4.01 
4.05 

4.03 
4.07 

Inches. 
4.06 
4.08 
4.18 
4.07 
4.10 

4.04 
4.18 
4.07 
4.06 
4.00 

4.10 
4.05 
4.09 
4.18 
4.10 

4.19 
4.10 

Sq.inches. 
16.24 
16.68 
16.44 
16.40 
16.64 

16.77 
16.80 
16.44 
16.40 
16.69 

16.44 
16.40 
16.69 
16.76 
16.61 

16.89 
16.69 

Pounds. 

Pounds. 
19,950 
22.600 
30,900 
19,980 
23,500 

27,100 
30,600 
88,500 
27,900 
29,500 

82,800 
34,100 
34,500 
39,200 
84,500 

83,600 
89,900 

Pounds. 
1,228 
1,355 
1,271 
1,218 
1,412 

1,616 
1,821 
2,088 
1,701 
1,768 

1,995 
2,079 
2,067 
2,339 
2,077 

1.990 
2,890 

Pounds. 

1,900 

1,790 

""i'iio" 
'"i'iio" 

83,600 
39,900 

CEMENT. 

SnjOA  Cement,  Neat. 

SECOND  SEBIES. 


877 


Water  used  in  mixing,  18  per  cent. 
Set  in  air. 


Age. 


Days. 
8 
8 
8 
8 
8 


Months, 


Dimensions. 

Height. 

Compressed  sur- 
face. 

Inches. 

Inches. 

Inches. 

4.00 

8.92 

4.13 

4.06 

8.99 

4.00 

4.06 

4.00 

8.95 

4.02 

4.06 

3.86 

8.99 

3.98 

4.08 

4.00 

4.03 

3.96 

4.00 

4.02 

4.06 

4.08 

4.01 

4.00 

4.05 

4.01 

3.98 

4.07 

4.00 

4.06 

4.08 

8.96 

4.05 

4.00 

4.09 

4.03 

4.08 

4.00 

4.02 

8.98 

4.05 

4.06 

Sec- 
tional 
area. 


16.12 
16.48 
16.06 
16.44 


First 
crack. 


Sq.  inches. 
16.19 

Pounds. 

15.96 

15.80 

15.67 

16.24 

16.04 
16.40 
16.04 

*"*62*866"' 

15.96 

16.24 

66,000 
68,200 
72,600 
70,600 


Compressive  strength. 


Total. 


Pounds. 
47,100 
58,100 
53,400 
43,600 
46,500 

54,900 
60,600 
65,800 
39,500 
59,400 

76,100 
70,500 
73.600 
70,600 


Per 
Hquare 
inch. 


Pounds. 
2,910 
3,880 
3,380 
2,780 
2,860 

8,420 
3.700 
4,100 
2,480 
3,600 

4.720 
4,280 
4,580 
4,290 


Mean. 


Pounds. 


3,050    I 


8,470 


4,470 


Austin  Cement,  Neat. 

Water  used  in  mixing,  35.4  per  cent. 
Set  in  air. 


Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

Pounds. 

Compressive  strength. 

Age. 

Height. 

Compressed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Days. 

Months. 

1 

1 
1 
1 
1 

3 
8 
3 
8 
8 

Inches. 
8.96 
4.06 
8.98 
4.08 
4.03 

8.97 
8.99 
.8.98 
8.96 
3.97 

8.98 
8.95 
8.97 
8.97 
8.96 

Inches. 
4.02 
8.98 
4.04 
4.00 
8.96 

4.06 
4.00 
4.07 
4.06 
4.07 

4.01 
4.07 
4.01 
4.06 
4.06 

Inches. 
4.06 
4.10 
4.06 
4.02 
4.05 

4.14 
4.08 
4.06 
4.10 
4.06 

4.12 
4.01 
4.10 
4.06 
4.10 

Sq.  inches. 
16.82 
16.82 
16.48 
16.08 
16.00 

16.77 
16.82 
16.52 
16.65 
16.61 

16.52 
16.82 
16.44 
16.65 
16.65 

Pounds. 
5.960 
5.420 
6,100 
5,480 
6,060 

15,900 
19.400 
18,700 
18,100 
18,500 

23,100 
24,200 
24,900 
27,800 
26,900 

Pounds. 
860 
880 
870 
340 
880 

950 
1,190 
1,180 
1,090 
1,110 

1,400 
1,460 
1,510 
1,640 
1,620 

Pounds. 

1 

856 



1,090 

11.100 
10,000 
17,500 
26,200 
25,400 



1,580 

878 


OEICENT. 

BoNNEvnjiB  Impbovkd  Cement,  Neat. 


Water  used  in  mixing,  88.7  per  cent. 
Set  in  air. 


Age. 

DimensioiiB. 

Sec- 
tional 
area. 

First 
crack. 

Gompraasive  strength. 

Height. 

Compressed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Days. 

7 
7 
7 
7 





Months. 
........ 

Inches. 
4.02 
4.11 
4.08 
3.98 
4.02 

3.99 
8.97 
4.00 
4.00 
8.98 

4.00 
8.96 
3.96 
3.97 
8.98 

Inches. 
3.97 
8.98 
3.98 
4.02 
3.97 

4.08 
4.07 
4.02 
4.01 
4.02 

4.04 
4.06 
4.05 
4.01 
4.05 

Inches. 
4.10 
4.08 
4.10 
4.09 
4.05 

4.06 
4.07 
4.10 
4.08 
4.12 

4.08 
4.08 
4.08 
4.06 
4.11 

Sq.  inches. 
16.28 
16.24 
16.32 
16.44 
16.08 

16.56 
16.66 
16.48 
16.16 
16.56 

16.48 
16.86 
16.62 
16.28 
16.65 

Pounds. 

Pounds. 
9.500 
9,500 
10,100 
10.900 
10,500 

19.400 
17,900 
18.600 
18.600 
18.800 

26,300 
24,200 
26.600 
23,900 
27,200 

Pounds. 
588 
585 

619 
668 
658 

1,171 
1,081 
1.128 
1,151 
i;i85 

1.596 
1.479 
1.604 
1,468 
1634 

Pounds. 

620 

1,180 

21.000 
21.600 
20.000 

24,100 

1,500 

Hoffman  Cement,  Neat. 

Water  used  in  mixing,  36.2  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

Compreasive  strength. 

Height. 

Compressed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Dtxys. 

Months. 

3 
3 
3 

4.05* 
3.99 
4.00 
4.00 
3.99 

4.09 
4.06 
4.02 
4.00 
4.06 

4.00 
4.03 
4.04 
4.08 
4.03 

Inches. 
8.96 
4.01 
4.09 
4.08 
4.09 

4.00 
4.01 
4.09 
4.11 
3:99 

3.96 
3.99 
4.01 
3.96 
8.95 

Inches. 
4.05 
3.98 
4.10 
4.08 
4.08 

4.05 
4.05 
4.09 
4.07 
4.06 

4.05 
4.06 
4.06 
4.07 
4.01 

Sq.  inches. 
16.04 
15.96 
16.77 
16.65 
16.69 

16.20 
16.24 
16.73 
16.73 
16.20 

16.04 
16.20 
16.28 
16.20 
15.84 

Pounds. 

Pounds. 
7,100 
7.960 
7,600 
7,900 
7,660 

13.600 
12,600 
18.100 
12,900 
12,800 

20,600 
20,600 
19,900 
19,100 
18,800 

Pounds. 
440 
500 
450 
470 
460 

840 
770 
780 
770 
•      790 

1,280 
1,270 
1,220 
1,180 
1,190 

Pounds. 

464 

790 

14,900 

1.280 

CEMENT. 

Mankato  Cement,  Neat. 

Water  used  in  mixing,  41.2  per  cent. 
Set  in  air. 


879 


Age. 

IMmensioiia. 

8eo- 
Uanal 
area. 

Plnrt 
crack. 

CompreBBiTe  strength. 

Height. 

CompraaMd  sur- 
face. 

Total. 

Per 
■quare 
Inch. 

Mean. 

Doiy. 

MotUh», 

1 

1 
1 
1 
1 

3 
8 
8 
3 
8 

Inche$, 
4.01 
4.02 
8.96 
4.06 
4.04 

4.04 
8.OT 
8.96 
8.97 
8.99 

8.96 
8.97 
8.98 
8.99 
8.96 

Incha. 
8.96 
8.99 
4.01 
8.99 
3.99 

8.96 
4.02 
4.06 
4.06 
8.99 

4.02 
4.06 
4.02 
4.06 
4.02 

Inehtt, 
4.02 
4.00 
4.00 
4.00 
4.08 

4.06 
4.01 
4.01 
4.06 
4.02 

4.03 
4.09 
4.10 
4.09 
4.06 

15.92 
15.96 
16.04 
15.96 
16.06 

16.12 
16.12 
16.28 
16.52 
16.04 

16.20 
16.61 
16.48 
16.61 
16.28 

J^mnds. 

PountU. 
9,800 
8,620 
9.190 
9,020 
8,600 

16,600 
16,700 
16,000 
16,800 

i7;aoo 

28,400 
23,600 
23,800 
28.200 
22,600 

Pounds. 
620 
580 
670 
570 
540 

1,020 

1,040 

980 

990 

1,080 

1,440 
1,420 
1,440 
1,400 
1,890 

Pounds, 

666 

■ 'i;dao" 

20,000 

1,420 

Newark  and  Rosendale  Cement,  Neat. 

Water  used  in  mixing,  38.7  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

Pint 
crack. 

Comprv 
Total. 

Bflsive  strength. 

Height 

face. 

Per 
square 
inch. 

Mean. 

7 
7 
8 
7 

Months. 

1 

1 
1 
1 

8 
8 
8 
8 
8 

12 
12 
12 

Inches. 
4.02 
4.00 
4.06 
4.03 
8.98 

4.04 
8.96 
4.05 
4.06 

4.06 
4.06 
4.04 
4.06 
8.99 

8.96 
8.97 
8.96 

Inches. 
8.99 
4.11 
8.98 
4.00 
4.02 

4.08 
4.12 
4.15 
4.02 

3.99 
3.98 
4.00 
8.99 
4.06 

3.97 
4.04 
4.00 

Incha. 
4.06 
4.04 
4.18 
4.02 
4.07 

8.97 
4.04 
8.97 
3.96 

4.10 
4.12 
4.09 
4.18 
4.10 

4.12 
4.08 
4.02 

Sq.  inches. 
16.16 
16.60 
16.44 
16.08 
16.86 

16.20 
16.64 
16.48 
16.00 

16.86 
16.40 
16.86 
16.48 
16.60 

16.86 
16.48 
16.06 

Pounds. 

I'ounds. 
7,260 
6,800 
6,900 
6,640 
6,200 

18,800 
16,600 
17,600 
18,100 

22,100 
28,400 
23.800 
26.100 
23,800 

24,960 
29,800 
28,800 

l^unds. 
449 
380 
420 
407 
379 

I.IGO 

992 

1,068 

1,181 

1,351 
1,427 
1,466 
1.528 
1,484 

1,680 
1,780 
1,460 

Pounds. 

407 

r 

1,090 

y 

*22."266  " 
22,700 
20,400 

1,440 

21,000 
■*22,'866" 

1,690 

380 


OElJtEKT?. 

Norton  Cement,  Neat. 


Water  used  in  mixing,  39.6  per  cent. 
Set  in  air. 


Age. 

DlmenflionR. 

Sec- 
tional 
area. 

First 
crack. 

GompresslYe  strength. 

Height. 

Compressed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Days. 

Months. 



1 

1 
1 
1 
1 

3 
8 
3 
8 
3 

Inches. 
4.02 
8.99 
4.08 
3.96 
3.98 

8.97 
3.98 
8.97 
8.97 
3.99 

3.98 
8.99 
3.96 
3.96 
3.98 

Inches. 
8.98 
4.02 
3.96 
4.02 
4.04 

4.04 
4.00 
4.08 
4.05 
•    4.06 

4.06 
4.02 
4.04 
4.04 
4.11 

Inches. 
4.04 
4.07 
4.06 
4.06 
4.09 

4.05 
4.12 
4.06 
4.01 
4.02 

4.02 
4.01 
4.03 
4.06 
4.06 

Sq.  inches. 
16.06 
16.86 
16.24 
16.82 
16.62 

16.86 
16.48 
16.82 
16.24 
16.82 

16.28 
16.12 
16.28 
16.40 
16.65 

Pounds. 

Pounds. 
7,620 
8,160 
6.920 
7,900 
7,920 

15,900 
14.800 
18,700 
13,600 
14,100 

26,100 
27,100 
27,000 
24,200 
28,700 

Pounds. 
470 
500 
480 
480 
480 

970 
900 
840 
830 
860 

1,600 
1,680 
1,660 
1,480 
1,420 

Pounds. 

472 

880 

24,800 

14,600 

1,670 

Obelisk  Cement,  Neat. 

Water  used  in  mixing,  36.8  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

Compressive  strength. 

Height 

Compressed  sur- 
face. 

Total. 

Per 
square 
Inch. 

Mean. 

Days. 

7 
7 

7 
7 



Months. 

Inches. 
4.05 
4.01 
4.05 
4.08 
4.00 

4.08 
4.04 
3.99 
4.00 
3.99 

3.96 
8.99 
4.00 
4.06 
4.06 

Inches. 
4.00 
4.00 
4.00 
4.00 
4.03 

3.97 
4.01 
4.05 
4.00 
4.06 

4.05 
4.04 
4.02 
4.00 
3.99 

Inches. 
8.99 
4.02 
4.02 
3.99 
4.00 

4.02 
4.01 
4.02 
4.06 
4.02 

4.05 
4.04 
4.10 
4.03 
4.00 

Sq.  inches. 
15.96 
16.06 
16.08 
15.96 
16.12 

15.96 
16.08 
16.28 
16.24 
16.32 

16.40 
16.82 
16.48 
16.12 
15.96 

Pounds. 

Pounds. 
11,800 
12,600 
12,400 
12.000 
11,400 

18,100 
28,100 
22,800 
28.600 
22,300 

86.600 
35,700 
85,600 
34,600 
87,700 

Pounds. 
789 
784 
771 
752 
707 

1,134 
1,487 
1,400 
1,458 
1,366 

2,226 
2,188 
2  154 
2,146 
2,862 

Pounds. 



780 

11,000 

*26,'466*" 

86,600 

1,860 

31.200 

'■'2,'226** 

OEHSKT. 

Potomac  Cement,  Neat. 

Water  used  in  mixing,  39.2  per  cent. 
Set  in  air. 


381 


Age. 

DlmensloiM. 

Sec- 
tional 
area. 

First 
crack. 

Pounds. 

CompreBsive  strength. 

Height. 

Compreised  eur- 
face. 

Total. 

Per 
square 
Tnch. 

Mean. 

Days. 

7 
7 
7 
7 



M<mth». 

1 
1 

1 
1 

1 

8 
3 
3 
8 
3 

12 
12 
12 
12 

Inches, 
8.97 
3.98 
3.98 
4.04 
3.99 

3.96 
3.96 
3.96 
3.96 
3.97 

4.06 
4.02 
4.05 
4.05 
8.97 

3.99 
8.96 
8.96 
8.97 

Inches. 
4.00 
4.01 
4.08 
4.01 
4.09 

4.08 
3.98 
4.00 
4.04 
4.08 

8.97 
8.99 
3.99 
8.99 
4.06 

4.04 
4.04 
4.02 
4.00 

Inches. 
4.10 
4.04 
4.02 
4.00 
4.08 

4.02 
4.06 
4.06 
4.03 
4.04 

4.01 
4.04 
4.02 
4.00 
4.00 

4.02 
4.05 
4.01 
4.08 

Sq.  inches. 
16.40 
16.20 
16.20 
16.04 
16.48 

16.20 
16.16 
16.24 
16.28 
16.28 

16.92 
16.12 
16.04 
15.96 
16.24 

16.24 
16.36 
16.12 
16.12 

Pounds. 
6,680 
6,960 
7,100 
6,850 
6,820 

14,100 
13,  KX) 
12,200 
14,100 
14,100 

18,700 
16.200 
16,700 
19.000 
18,700 

16,800 
19,500 
19,200 
16,600 

Pounds. 
407 
480 

438 
427 
414 

870 
854 
751 
866 
860 

1,176 
1.005 
1,041 
1,190 
1,151 

1,000 
1,190 
1,190 
1,020 

Pounds. 

428 

:::::::::: 

840 

16,700 
13,400 
7,000 

18,200 

1.110 

9,200 
10,600 
9,500 

1,100 

Retarded  Set  Series. 

additional  tests,  cubes  set  in  air. 

Marks,  *J  17. 

Composition:  Star  cement,  with  plaster,  neat. 

Ori^nal  water  used  in  gau^ng,  32.9  per  cent  of  cement. 

Age,  9  months. 

Retarded  102  hours. 

For  earlier  tests  see  Report,  1901,  page  609. 


Marks. 

Dimensions. 

Sec- 

Piiwt 
crack. 

Compressive 
strength. 

Height. 

;    tional 

Compressed  siir-   '     *'^^* 
face. 

Per 
Total.       wquare 
inch. 

102  i^J  17  (4) 

Inches. 
4.00 
4.08 
4.01 

Inches. 
8.96 
3.95 
3.93 

Inches.    Sq.  inches)  Pounds.     Pounds. 
3.97          15.72          7.040          8.010 

Pounds. 
510 
465 

661 

108i^J17  (6) 

8.99          15.76 
8.97          15.60 

7,880          7,880 
8,800         8.750 

102iyJ17(6) 

' 

382  OBSIENT. 

The  three  following  cubes  were  immerBed  in  water  24  hours. 


Marks. 


Weight 
before 

Immer- 
aioii. 


Weight 
after 

immer- 
sion. 


102i!irJ17(7 
102  ^J  17  (8 
102  HSr  J  17  (9 


Lbs,  on. 
3     0 
3     0 
8       i 


Lbs.  OM. 

8  m 

8  I4i 

3  14 


The  cubes  were  taken  f  i-om  the  bath  and  immediately  tested. 


Marks. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

CompresBiye 
strength. 

Height, 

C'CmpresBed  sur- 
face. 

Total. 

Per 
square 
inch. 

102  "ii"  J  17  (7) 

Inches. 
4.01 
4.08 
4.02 

Inches. 
3.96 
3.96 
8.94 

Inches. 
8.98 
4.02 
4,01 

Sq.inches. 
15.76 
15.92 
15.80 

Pounds. 
6,240 
7,100 
5,200 

Pounds, 
6,240 
7,100 
6,200 

Pounds. 
896 
446 
829 

102i^J17  (8) 

102  "^J  17  (9) 

'  ^ 


The  next  three  cubes  were  immersed  in  water  24  hours,  then  allowed 
to  dry  in  the  open  air  12  days,  at  the  expiration  of  which  time  they 
were  tested. 


Marks. 


Weight 
before  im- 


Weight 
after  im- 
mersion. 


Weight 
after  dry- 
ing in  open 
a&  12  days. 


102  ^3  17  (10) 
102  ^S  17  (11) 
102  ^J  17  (12) 


Lbs.    oes. 

2  m 


Lbs.  oes, 

8  14 

8  14» 

8  14( 


Lbs.  ou. 

8  21 

8  4 

8  4i 


Marks. 


Dimensioas. 


Height. 


Compressed  sur- 
face. 


Sec- 
tional 
area. 


First 
crack. 


Compressive 
strength. 


Total. 


Per 
square 
inch. 


102  -Ui  17  (10) 
102  ixi  17  (11) 
102i^J17(12) 


Inches. 
4.02 
4.01 
4.02 


Inches. 
3.94 
8.95 
3.94 


Inchios, 
4.00 
4.10 
4.00 


15.76 
16.20 
15.76 


Pounde, 
6,980 
6,600 
7,840 


PowndM, 
6,980 
7,820 
7,840 


Pounds, 
448 
462 
497 


OEMSNT. 


383 


i 

H 

» 
H 

H 


a 


I  \ 


>H    a 


Bis 


5  § 


Q 


i 

hi 
O 

a 

i 


ill 


3 


iilg  E§§§§SSI 


If  §isi§  g§ 


§g§§iiiii 


m 

geeeo 


§§i§§§§l 


.'*'<> 


«• 


t\ 


I 


ss 


S888S8S8 


^S    88S8S    8Ei 

doi     e4cJe>ie>ici     eici 


dcldfHi-icicivHi-i 


cid 


B::::SS88:!38 

cidcicideicjpj 


88    SSSSa    88 

dd     cidddd     dci 


S^S83888S 


38 

dcJ 


38888888 

dddcicidciei 


63  ^3888  S3 

dd  ddddd  dd 


838383888 

ddddddddd 


I 


I 


hi 


5 


5 

CO 


I 


QQ 


884 


CEMXNT 


I 

a 

T3 


O 
S 


n 


O 
H 

Q 

00 

2 

M 


n 

O 

Hi 

n 

00 

cn 
O 


I 


S 

8 


I 


^ii 


o 

I 
J 

o 


13 


§   I    i 


1^ 


if 


h 
^ 


o 


I 


"a 


III  iiigi§i§gii  II  §igi§§  in  §§^iii§i§g§ 


1 

IP. 

eS8 


88  SaSSSS 


8S  S9^!rSS88^S8 
W  -^  "<"  "^  V  "«f  ^  "«f  ^  ^  ^  ■* 


|s« 


sssssssssss 


cic4  oi  ci  ci  c4  e*  ci 


SS  8SS3&SSS8S3 


|8S 


3S8SSS3SSSS 


S8  S3;:3SS 

c4el     c4c4ciciclc4 


cic4     ci  ci  c4  e4  c4  c^  c4  oi  ci  C4  oi 


I 


i_ 
11 


I 


33    8SSS88 


83    8SSSS888SSS 


eo    .      tH 


04 

§ 

o 

O 

a 

5 


5 


9 


OEMBNT. 


885 


m  g§§s  §  13  si§i§gi 


S§  §§§§  §  II  §§§§§§1 


cici     oiiHciei     ci     c4cJ     e«  cl  c4  ci  e4  o*  ci 

8S  SSS;S  8  5S  S888S&8 

c4©i     cicieici     ci     c4m     ^  ci  e4  c>  d  ci  e« 


S8 

^e4 

8SS 

(NrHCJ 

ci 

88 

cid 

S38888S 

c«<Ncie>ic4ciM 

«o 

'^ 

r-l        M 

^  : 

qO 

s 

-;- 

- 

Ok 

» 

'^ 

'^ 

'^  : 

3 

o     to 

to  • 

•  Hi 

1 

il 

• 

J 

il 

t 

• 

S5    O 


H.  Doa  885 ^25 


886 


CEMENT. 


I 

< 
H 


s 

H 


0L4 


c 

H 


I  SI 


111 


I 


■J 


iiiiiil  iii 

iii  iiiiii  iii 

:  :^  :::::«  :  :  : 

i  is  iii 
•  Jo   J  •  • 

I  \^     iii 

S  occo  Veo  ec  CO  CO     tfT-^io  lO  V"«f  oo     eocfoococoeo     eococoVW-^    iS^tot^ 


I'liiipi  iliilii  iiiiii  liiiiiA  §PI 

S  r-l  •^  r-l  f>4  rH  f-l  <H    C4  t-T  C4  €4  iH  i-^  <H    ^H  i-^  i^  tH  »H  i-t    ..^  ^  ^^  p^  ^  ^  J^    $4  €4  (N  C) 


!  ill 


a  ^ 


0L4 

00 

O 


o 


I 

1 

I 


|S8gS8Sa 

g  ^  "^  "^  "I? '*  ^  TjJ 


S8SS88a    S?SSSS§3    S^^SSSaS    S8g? 

•^'^^cO'^^'^f      ^^^^tj!^      ^^^^^^.1^      ^^^^ 


«S88383S 


S88Sg83  33888$  3S$83S3  3SSS 

e4cic«cje4cicj     e»iclcic4cic4     C4c«c<je4cie4c4     e4e4fHiH 


588838S8 
s  ci  ci  ci  c4  ci  c4  c4 


SSSSS88  S8S&8S  SSSS8SS  3SS8 

csi  fH  ci  fH  rH  c4  ci     weiwrHr^ci     €4  ci  el  ©4  s4  cl  ci     eiriejel 


«8SSS8g5  88SSS3g  SSS^^S  SS8SS8S  SS^&S 


fti- 


g 
O 

o 

a 
5 


o 


CEMENT. 


887 


i§§§§  §§§§  §ii§i§i  iisiip.  §§ii§§§§§  §§§i§§i§  %m 

d  d  C4  v4  OQ    d  C4  vl  C4    rH  »H  ^^  ^^  »H  rH  rH        ^   ^^        ^   »H  ^   »H    ^   vH  ^4  rH  ^  ^4  ^  ^4  *^   p^  rH   i-4 


gSSSS  8SSS  S88S8S8  S88S:S88  S888S8S88  88S3SS8S  88SS 

eli-5c>id»-i     ddci-i     dcJcJcidcJd     d  ci  e>i  .-J  i-I  ei  cl     ddddddddc-i     dd'ciddddci     ddcid* 


38888  388$  8SSSS22  S8SSS2S  882SB8S8S  SSB8SSSS  S888 

ciddoJci     ciddd     dciddddd     cieiddd'cid     dddd'd'dd'dc4     d'dddciddd     ciddci 


SSS8$  8^8^  S8888S8  8SSSS88  ZZ^SS^ZZ^    S83888SS.  83SS 

.H»Hi-i.-;-4        oif-i^lH        1-;  »H*  Ci  d' Ci  d  »-J        — "ddrt.HrHd        ddWdddOidrH        d'dd'd'ddcid        CJddd' 


8 

f-4 

"^ 

8 

iH 

- 

8 

- 

: 

— 

: 

•"• 

iH 

" 

r-t 

'^ 

d 

Si 

- 

- 

- 

d 

- 

"^ 

04 

o 

11 

So' 

fi 

w 

s 

- 

- 

- 

1 

t 

1 

1 

i 

i 

1 

8 


388 


OEMEirr. 


1 

a 


OQ 


i 


0 

(A 
H 


I 


O 


I 


I 


Hi 


i 

I 

3 


1^ 
I 


III 


£ 


I 
s 

5 


»H  »Hf^  fH  »H  r^  f-<  tH  rH  r^ 


cSSSS  8S8SSSS  SSSSS8S 

Se«c4e4e4     ci  •-«  ci  i-i  ej  v-i  r4     th  rn  cl  04  *h  oi  •-< 


«BS8S  3588Sgg  S8SSSS8 

•c  c4  c«i  iH  c«i  ^  cJ  ci  c4  ci  c4  ci  «  e<  c4  ci  c4  c4  ©i 


eo<e4e4c>i  r-i  <-<  <-<  ci  i-i  e^  1-4  ci  rn  i-i  1-4 1-4 1-4 1-4 


^         .  i 


I 


O 


Ok 


PE4 
O 

a 


08 


d 


h 

si 


Si 

3  - 

•«* 

»8 


g 


i  i- 

i 

liiiis  iiiii     iiii  iii:§  iiiii  ;:;ii 

1  :  :  :  :        :•:::''        :  :  :«^     :  :  :  :«     :  :  :  :^     ::::*«>' 

reasive  str 

Per 
square 
inch. 

^§3§§§  §§i§§  §§§§1  isigi  igi§i  §ii$§ 

1                        ^--».orfrV     (NcfeicfoT    »o»o«-»o     weowc^ec     to^*.o--»  V 

Comp 

|§S§§§  §§§!§  §§!§§  giSli  §§§§§  §§§§§ 

|^cfcf.f».-    2g-gg-g    «-.-.-«■»-   5.-5.-5,-^-,-    ,-j£oV5    sssas!^ 

Ill 


a 

I 


if 


h 
& 


ft, 


It 


s 


|3SSSS 


SS8SS 


5S88S8 


S8S;8S 


88SS8 

e4e4e4c4c^ 


88SS8 


JS8S88 


SS88S 


SSS88 


88S88 


S8888S 


S88SS 


8SSSS 


8SS88 


S8388 


8S888 


4 


s 


34 


g 


390 


CEMENT. 


3 

a 
-a 
a 


^. 
I 

3 

■< 

% 

g 

i 


a 

CO 

» 
3 

00 

55 

I 

Oi 

CO 

fa 

O 


P. 

I 


1  :  : 

iii  i 

i  :  :i     : 

:  :  is     : 

iii?  iiii 

;s   !   ! 

.     .CO           • 

:  :  :.ft     : 

:  :  :«     : 

•  .  .^     . 

^  :  : 

mm  piii  ii§i§  iia§i  iisii  iiiis 

SedVeoeoeo     '^Of'.'io^o     cocoeoeoeo     ■^"rViO^     -^^tauSeo     •<*W»oV 


ipiii  iiiii  iisii  §1111  11111  isiii 

8e2«oVc4"»o  i-^'XTsfitfs  »cV^iceo  <or>rr»"or>^  t^a^Qt-^iC     oo  oroTiTfr 


IS2SSS  S^SSSS  S38SS  $SSS3  S^ISSS  SS38S 

tj^'^r-^"*      ccV^TfcQ      •^•^^Tfeo      eceo^^'^      co-^-^vi-^      ■^■^•^vi'9 


^ 


^1 


9i  O 

a- 


s 

5 


|8S88S    ^8S8S    S§;$8S    $S8S8    SS8SS    8SSS8 

vc4c<c4cii-;     r-4C(cJc4iH     »Hr-«iHc^i-5     i-5rHclc^c4     oic4e4»-IrH     cici?4r-;c4 


E-t: 


1^33^8  SSS88  S8S88  $838S  SsSSSS  SSSSS 

VrHc^irlri-N     1-4  c>j  i-i  ci  (N     c4c^c4e4i->i     r-^c^cjcicj     i-ic4c4i-toi     e4  e4  d  i-5  ih 


fa 

fa' 
fa' 


^ss$8s  ^^^ss  ^^^^^  ^^^^^  ^$88$  8$ssss 

■?c4ci        C^'c4e4<-ii-i       (Nt-JeiriM'       CIN'Ncic*       cii-icicJiH       C4^i-ic4?4 


I 


t5° 


is 

"I 


I 


I 

o 

fa 
o 


s 
^ 


8 

fa' 
p. 


CEMENT. 


891 


mm 


§§ii§ 


i§§g§ 


§§§§§  mm  iiiii  §§si§  §i§gi 

WieTttieT    ^Kf»o»cio     ic»oioiO"«*     toto^uita    VioicTioio 


§§§§1  §§§§§ 


SSiSSS 


CI«SiH?^ 


!§§§ 


§§§§§ 


s^$l^?s» 


§§§§§ 


^  ■^  eo  ■v'  ■^ 


SSSS^ 


;::3888 


S8SSS 


S838S 


S88SS 


S8S8S 


8SS3S 


8SS80 


S88S8 


888SS 


8S:388 


8888S 


88S88 


&SS$8 


SSg8S 


88838 


888S8 

ci  d  i-H  e4  c4 


S8&83 

.-i  im'  f-I  i-I  e4 


S^S88 


8888S: 


08&8S 


8S888 

»-J  fH  »H  i-I  c<i 


8S88S 


38S8S 

CI  e4  ei  w  c<i 


S83S8 


S8885 

c4  c4  c4  cl  c^i 


8S58$ 


S33oS 

c4  c4  c<j  c4  ci 


•  •   M  •  • 

:  :"  ":4": 

:  :    S  i  : 

jig:: 

:  :    0  :  : 
i  j   a  i  : 

i  i  s  i: 

:  :    0  : 

: ;  8  i 

1      23.0            17  ! 

•  ;   o»  •  :  •  • 

i  !   ^  :: 

35  :  : 

*  *   '*  i  ! 

M    *  :  i 

:  :    0  :  I 
Ms:: 

:  :    0  :  : 

0  :  : 

:  :    0  :  J 

:  :  0  :  i  :  : 

ii  a:;i: 

t\\ 

\\i\\ 

N  ill 

:  :   K  I  : 

:  :   55  :  : 

iMil 

IMil 

:  :    -•  :  : 

M^M 

WiWW 

ovz 


ujuuimx. 


I 

5 


n 

i 


h 
% 

5 


CO 

H 

I 


O 


55 
O 


i 

O 

3 


a 

e 
3 


I 


^m  isiis  i§ii§  mm 


i§ 


■liiiii  liiii 


§§§§! 


§§§§§ 


l§§i§ 


§§§§§ 
aaa?fg 


ill 


JSSSSS 

too  1''^  CO  CO 


•^  •«l'  eo  -^  •^ 


2S8SS 


•v'  ■♦  ■*  CO  •^ 


S3SS8 


« 

ll 

IS 

§sssa:3  SSS3S  s^sss  sssss  s$s$s 

l^eJdr-;^     cicicicici     eJciwwV:     wcicicici     ,4,4-;^c^ 

8SSSS 

1 

SSS^&S    S:SS3S:    S^SSS:    SSS^SS    SBS8S    &SSS8 

1^c<^«^     ^nV;c4^     ^^^-^rH     eirs^eiei     ciciw^ci     oieicic4c< 

5 

t 

^88338    888SS    8SSSS    SS8SS    8SS88    SSSSS 

|<NC>icJc4c«       CJcirHCJ^       ci  ci  ci  d' d       CJ0ici<Hc4       C4  ci  ^  c4  d        dcicJCJM' 

a© 

Em 

1 

1 

- 

»H 

»-i 

"^ 

h 
£> 

1 

- 

- 

8 

8: 

s 

1 

f 

t* 

i 

t^ 

§ 

l- 

g 

1 

F 

o 

o 

o 

o 

© 

A 

1 

1 

- 

4 

^ 

^ 

1 

t 

5z; 

i 

1 

i 

•c 

1 

. 

1 

1 

3^ 

• 

:2 


;§ 


iiggg 


otfVooVed 


s§si§  nmf  unu  §§gii  i§§i§ 

cfciwcf-T    V-^"^!©     ©fi-re«e*cf    <eieioierie     ciwcTcfci 


§§g§§ 


cfeocfcfoo 


g§§gs 

ofcfcfcfw 


§i§§§ 


g§§§§  §§§§ 


!§§§§  i§ii§ 


;il§ 


.HrSOOi-l 


§§§§§ 


sssss 


SSS83:  SSSS8 


S8SSS 


8S8SS  ^SSSS 


S88SS 


88388 


S8S88 


SSS8    S8SS8    SSS88S 

^rA^wi     e>i  c4  c4  ci  1-J     t-Jelcici^ 


88833 


wei»-Mr* 


S5S83 


S85S3 


S3S8S 


8888S 


S883 


S8S83  88885 


SS8S8 

cicic4elcl 


S8S88 


3888S 


8SS88 


338S8 


8Soo8 

clc4c4cici 


8S33 


S8SS8  SS88S 


8SS8S: 


38o88 


8S8S8 


ri 

'^ 

"^ 

"^ 

~! 

t* 

ss 

- 

- 

- 

s 

s 

*^ 

o» 

r^ 

S 

•^ 

8 

f^ 

- 

o 

- 

o 

O 

O 

o 

o 

o 

o 

- 

- 

- 

1 

1 

1 

i 

1 

1 

i 

1 

1 

I 


r 


394 


CEMEKT. 


;3 
I 


a 
> 


2 


Si 


i 


CO 

S 

OQ 

GQ 


.M 

1 

INM§  Mils  MMi  \\\k 

:  :  :  :«     j  j  •  :•© 

Per 
square 
inch. 

a  coeo  00  00  cf     eoV^V'^     eoeoeoooeo      VW-^^ 

Total. 

!§§§§§  §§§ii  §§§§§  i§i§§ 

|S22S*SS    SS'^SSS    SSSSS    J:S2S"S" 

§§§§!  §§§§§ 

1 

M 

SS8SSS    2S2g$    SSSSS    S2SSS 

'•:eo%f^^^      ^^^«^      ^-^^^^      ed^^^^ 

I 
s 


P 
1^ 


S8SSS 


60 


§833SS 

5e4e«wcic4 


ci  cJ  ci  ci  M* 


sssss 

cicie4c«ci 


SSS88 


SS8S8 

ci  ci  cj  C4  c4 


S^38^S 


88888 


e4 1-J  d  »H  t-J 


0>  9  WO>  ft 


8888S 


SS88S 


If 


55 
O 


i 


s 


5 

I 


I 


s 
5 


CBKBNT. 


395 


§is§g  §§§§§  iii§§  g§i§g  urn  §§111  isii§  i§gi§  i%m 

V-^Woo  lO^^Vio  «««^V  eo^ooeooo  W^V^V  W^«V  lO^io^V  '*V'«tooeo  «oio'to«Dio 


§§§§1  §§§§§  §§§§i  iii§|  §§§§§  §§gg§  i§§g§  §§§§§  ppi 

t^t>^r^i>id*    cf«"r*0>"5f    ««o^t*«o     »is«e^eoic     o^Aoofo     |:-«05-«o«:»     tfofcfrfoT    wTirft^eoV    sfogSSR^f 


sssss  sssss  ;s;ssss  ssss»  s:]ssss  sssss  83S?;s  sss3S  ;?S3ss 

^^^'^^     ^*^'m^-^-     V^*^'^^     ^^'eo^*^     ^w^^^'     c<9^<<S^M     V^^^eo     ^'eeW^     ^'^^^^ 


88SS3  SS8S3  SS8S3  S8SSS  SS;58S  8S8SS  ^SS88  SSSSS  S$SS3 

wdficici     eicielwci     ciclcicle4     e4e4fHe>ic«     e>l»Hc4c4i-J     e4c4ci*-ii-i     r^i-iiHcici     pHr^pH^H,-;     cJr^i-iciei 


3S28S  SSS8S  SS88S  8SS8S  388SS  SSS88  S3S8S  38383  8883S 

clc4c*c4ci     t-ifrii-iwc4     c4cic4c{i-4     cie>ie>icic4     cJc«e4c<ici     »Ht-;c4eiw     fric4cic4^     ejeic^cic^     cie4e4c4e4 


UB^BS    S8888  88S8S  8SS8S;  8S8SS  8SSS8  S83^S  SSSSS  S3838 

C4cii-<c4e4     i-Je«leJc4c4     cicicicici     eieii-^cii-J     civHCJclfH     cii-<fHi-:*H     cItieJi-irH     c^irscif-ir-i     cicicJeirH 


■^    '. 

1   !     ^   '. 

- 

- 

-: 

i    ** 

-: 

2S  :  j 

I  ;    '^ 

-: 

o 

j- 

- 

-: 

B  \ 

jig: 

:  :    ^ 

:  :    o 
•  :    ^ 

Til" 

:  :    "A 

■*  ! 

g  :  : 

^  i ! 

i  i  ^  i 

'      o 

:    ^ 

o 

!  5i 

^  :  : 

^i 

K  :  : 

n^l 

!^ 

55 

:    t 

**•  :  i 

i 

I 


9 


396 


CEMENT. 


•8 

I 


5 


2 


^ 
^ 


g 


0* 


o 


I 


9 


i 


i 


^8 


m 


l§iiii  gisss  iiSii  sigis  gigi§  sgsgi 


9lOiO«0«D   'T-^'^'f^ 


,-ir-if-ii-i     eo^'V^-«r     eociC4C4C«i 


5  ^i>«o  00  r-" 


g§§§§ 


§§§§§ 
ssasa 


CO  •*  V'^  -"I" 


§§§§§ 


§!§§§ 


III 


:p«J 


"«*  -^j!  -i*  "*  -# 


3SSSS 


00  V'tf'-^eo 


ssssss 


i 

Compressed 
surface. 

J8S:8SS    SSSSg    8S3SS    S8SSS    888SS    SSSSS 

'Scj^ci.-i'r^     c4c4cidc4     cicicJeicJ     ,Hc4^rH^'     cieicicJc^     ^'cJe4^c4 

|SSS8S    S8SS8.SS8S8    88S88    S88$S    SSSSS 

^oicicic<c4     »-^e4csic<ic4     cii-t'cicir-i     c<ic4e«e>iM'     ciciej^cj     eifirir^wA 

**• 

r8S:3SS    $838^    SS888    83583    88S88    88888 

•|cirH-cicioJ     ^^ci^^'     ^'.^c^<HcJ     ^cicJcJcJ     c«c«c4«Nci     cicJiNCJci 

1^ 

fl 

1^ 

^ 

1 

ij*^ 

" 

'^ 

h' 

& 

t^ 

- 

- 

- 

i 

Ok 

r 

9> 

o 

- 

t* 

r-l 

- 

rH 

fH 

\ 

1 

^ 

o 

O 

o 

- 

- 

- 

si 

- 

- 

1  ! 

- 

- 

- 

^1 

5z; 

i 

1 

1 

i 

^ 

Brand  of  cement. 

j 

s 

ft 

1 

• 

« 

1 

S 

ft 

: 

OEiusirr. 


397 


!§§§!  giilS  §§§§1  §§§§ 

uS^^^^    eocoM'^cfee     uf«io<r>o     edcoeoM 

§§§§!  i§i§i  §§iii  §s§§i 

cS^oi^^    ^^^^^    co^-WV    tt-oV^o 

§§§§§  §§§§§  §§§!§  §§§§ 
assaV  SSS2SS  gfifasfgr  asss 

27,200 
20,660 
22,800 
25,200 
17,100 

§§§Sf  §§§§§  §§§§!  §§!§§ 

J55;-2S!5    8?fS2S    3552^^2    35?fsas 

SSSS8   SSSS8   sssss  s;:!:ss 

^^'^'^^    ^^^^^    ^VWm    <«:^^^ 

4.20 
4.06 
4.06 
4.04 
4.06 

SSSSS    SSSSS    S8^:!S    3SSSS 

^eo<«iV^     ^^^^'^     ^^'^'^'^     ^^e6«'^ 

8888S    SSSgS    SS3S8    88SS 

ele4eleJc4     c4clc4C4c4     cicic4c4e4     deirnci 

1.98 
2.01 
2.00 
2.01 
1.98 

8S;88g    gSggS    S83S&    SSSS8 

e4r4e4cici     clr^e4e4e4     clcic4cic4     ^ei^cid 

8333$ 

doidd^ 


S8S8S 

»Mdddd 


»Hd»H»^F^ 


S2S8  S2SSS8 

dddd  ddddd 


S8S3S 

ddddd 


8SSS3 

ddddd 


8882S: 

dddd^ 


88SSS 

ddddd 


sssss 


SS8o8 

i-idddd 


SSS38 

ddddd 


S883  S8SSg 

r^ddd       ddfHrnd 


S38S8 

ddddd 


S8888 
ddd^d 


SS83S 

ddddd 


883SS 

ddd»i^»-J 


'. '.  '^ '.  \ 

•  •     t  ••  f 

:  :   S 

-: 

:-:- 

SM 

f  :— 

- 

— 

- 

- 

^  :  : 

:  :   ^  :  : 

«»  J  • 

8  :  : 

.  •   ^  ,  . 

j  :    S  :  : 

i  I   '^ 

:  gi 

^^   •   ! 

:  :    - 

C4     j     ; 

:  j   g8 

- 

-:-: 

55 : ; 

'.I       o     '     • 

:  :    ^  :  : 

:  :    *5  •  • 

:  :    o 
:  :    ^ 

:    o  • 
:    ^  i 

©    •   • 

^  :  : 

•  •    © 

©     J     • 

:  :    © 

:  i  8' 

Mi 

r'r 

- 

- 

-:-^ 

t\\ 

:  :    t  :  : 
:  :   ^  :  : 

M  iN 

:  :   S5  :  : 

IM 

N  1 

:    55 

N  1^ 

:  :   5« 

398 


CEMENT. 


i 


I 

a 


b 
^ 


55 


o 


S5 
O 


o 

o 

o 


t 

£ 


B 


4,  g  5^ 
flk  2.C3 


■igiiag  iiiii  iiiii  iiiss  %%m  mn 

a  00  ^00 '*'«i«'     toiOifticTio     Vio«oV^    «ot^iot^io     lOi^iOiO"©     VioViOic 


liigi 


SiACO^aO  A 


§§§§§  iiill  §§!§§  g§§§§  §§!§§ 
assassf  asaas  a'aa'sa  a"s?ia"a  a'a"a'a"a 


ill 


|82288 


SSSSS    SSSSS    S§RS8S    88SSS    SSSS^ 


a 


to 


Bt 


^ 
h 


SSSS8  888S8  388S3  3S88S  SSS88 

cic^cJcJci     cic«e<e4c4     c4i-Jc4pi?4     cicic4eic4     C4e>ie4c4e4 


§88833 


888S8  88S88  ^88SS  88888  8SS5S 

c4fHcic>i€^      wcic4c4c4     oicic<it-Jc4     cicic^ciiH     i-?eieic4c^ 


^88S88 


8S88^  88888  88888  8S888  S88S8 

i-Jcii-Jcic*     ci»He«ic4c4     c<ie4i-ic4c^     c<i  ci  oi  c4  ci     cie-icleirH 


s 
8 


q 


4 


4 


s 


% 


I 


CEMENT. 


899 


§§§§1  §i§§i  §§i§i  %mt  §§iii  iiiii  mm  piii 

io«e'*o^io     V^ttTtAtfT    fet^9toiS    Vio^Vicr    «rt^t<^iAw'    *^^to*S^    40^4^t>rt^«o     «o«otc><rto^ 


§§!§!  §§§!§  iliii  §§§§§  §§§§1  Hill  il§g§  §l§§l 
as'gf^R  Sasa'R"  sa'ss's  saasa  !S'a"a"as  a'sasfs"  as'a'ss  M^M 


SSSSS  98;2:SS  SSSSS  SSSSS  SSSSS  SS^SS  SSSSS  8S38S  sssss 

^^"♦^•j  ^^^^"flJ  ^'•'^^'•J  •^^"^'^'T  'T'^M"'*-^  -^'^"^00^  •^i'^^-^'*  -^eo^-^-^  ■^eO'd'V^ 


88S8S  SS88S  SSS38  SSSSS  8SS3S  8^338  8S888  SS3SS 

cicicid^     e<^cl«4c4     eie4c<eJc4     elel^*^c«     cie4^'clc4     clcicicJc4     e4cJe4eiel     «i*4c^cici 


SSS88 


88838  SS883  SS88S  3S538  88S23  S3888  38888  8883g 

cIciMciel     cle<cie4ci     r4cic{e4ci     e«c>ic4elei     (N(N»le4cl     dcie^^ci     cielc4cici     ^cicJcJei 


38S3S  S888S;  8S38S  838SS  88SS3  88888  88838  838S8 

ele*e4clcl     c4cI»-*iJp4     (-iciciMrH     ci^leji-ici     c4c4.H»-!e«J     i-^eiiHwei     cle4frlc4i-;     i-JeicJe^e^ 


33838 
38888 

1-^  c>i  "N  .-5  ci 


*,  I   ^11 

•  •  •^  :  • 

*  '    '^  ',  '. 

*   !     ""^    1   I 

\  \   t^  \  \ 

j  :    3  :  : 

i  i  «  :  I 

;:  SM 

3  i  i 

•   •     ^   ;   1 

:  :   ^  :  : 

.  i    '^  1  ! 

i  :    8  :  : 

*  *    ^  I  i 

Neat.  ' 25.0  |       190 

•   •     '•'   ;   ; 

•    1    r-    •    •    •    ; 

:  :   o  :  : 

:  :    ©  :  : 

i  i  ^:  • 

: :  ^ ;: 

:  :    o  :  : 

; :  ^ ;; 

:  :    o  :  : 

::  ^ : ; 

:  :   ^  :  : 

:  :  lo  •'  •  •  • 

Neat   

•J  :  i 

'11 

:  :   ♦^  :  i 
:  :    «  :  : 
:  :   '^  i  : 

Mi:: 

:  :  s  :  : 

\\i\\ 

:  :    55  :  : 

:  :    ^  :  : 
:  :    8  :  : 

:  :   ^  :  : 

1 


X 
-U 


0 

§ 

a 


3 

•< 


b4 


CO 

H 

n 

on 


O 


§ 


o 

a 


1 

1 

6 

t 
51 

11 

;;§   iii 

:  •'^     :  :  : 

is  iii 

iv     :  I  : 

i§  Mi 

;iO        ;    :    ; 

ii  iii 

;io       ;   ;   ; 

ii  ii 

iii 

4i 

itUU  liISS  SiSSS  liSSI  SSliS  H%U 

|u»ud««r.o     eoo'Wio     <eV.ous.o     ^-odovo     «««"«'«     .o««o«.o 

1 

^• 

!§§§§§  §§§!§  !§§§§  §§§§§  §§!§§  §§!§§ 
|a'as8Sf  sassa  ssaaa  asssa  S8a«s5  assjsa 

III 

S38SSS    SSSSS    SSSS;:;    SS«:i88    SSSSS    8SSS2 

•^^•^^•^•^     ^w^-^'eo      ^^^»^     ^^^^^     M^^-^^-     ^^^^^ 

1 

1 

s 

P 

J&S88&    SS88S    3SSS3    88SS8    S8SgS    $3SSS 

l^^eJcl^     ^^dcir^     ci9i9«.-id     clcJ^V;ci     ^cicioici     r^CJ^'ei^' 

JSSSSS    83S38    $$838    SSS88    8SS58    SBZSS 

"IdciciMM     cidcJcieJ     rH^cJcic^     e4e4e>ie4e4     dcJcicJcJ     <N<NcidcJ 

^      1    $S:S88$    SS8SS    SSS:S:S    SSSSS    SSS3S:    SSS8S 

^              -g^rici^*^      ^^cic*cJ      ^rii^^^      f4?4^d^t      oi^-ri-i^      ri^izi^^ 

it 

^ 

^ 

Hi 

f-t  '.  J 

^    !     ^11 

!  r   '^  i 

IN 

i>  i  : 

:  I   ^  i  i 

i  ■    ^  : 

1 

rl 

t,  1  1 

i  ;  g  j  : 

I  \    i^  ■  i 

i  i   sfi  i  : 

J     1;       t*     > 

1 

1 

Pi 

^  i  i 

:  1    to  :  < 

ii  5<:i 

1 

i  *  < 

4 

11 

^1! 

:  :    ic  :  : 

i!  Hi! 

:  :   ^  :  ; 

ii  i\\ 

;  :    K  :  : 

:  !    -^i  : 

ii -i 

i 

I 

1 

* 

falll 


ti§ 


»lP||l 


8 

> 
•S     6 


Miii  ii 

',  ',  i*^    ' 

iiil  i 

Mi   i 

:  i  :g 

nmift  nus^  iipi  g§§ii  §iii|  um  i§§g  §i§§g 

ii^^^»iJ  p^  i-n'^i-JrH        w^r^r^^wi      rJ'iH  fH  »^iH  00  CO  CO  CO  of 


lOioiot^t^     «Dteioieio 


§§§§§  §§§§§  iiiii  §§§gi  §igi§  §§§§§  §§§g  §ii§§ 

sfasfssa  s^ssfa  ^'^-^--f^  ^--s-^us^-  t*-tcr:-5tc  «v*««oo  ^-.h^*^*  ssasfd 

S8SSS  SSSSS  SS38$  8S3S8  .SSS3S  SSSSS  SS3S  S8SSS 

"^'^eo"^'^  '^'^^cO'fl"  'fTf^'^Tf  ««ieo-^'^-^  ■««»  ^ -^  rf -^f  ■♦ -^r  ■«»< 'd' -^  ■^'•'■^"^  eO'<«*-^eee>a 

8SgSg~Ssis8  8S8SS  Sfesis  SSSSS  88SS8  S88S  88g»5 

cJc4c*clc4     cicicJcic^  c4c4e4i-4C4  oirHcic^rH     cJcJcicii-i  cJcJeicici  cicicici     e4c>Jc4i-4fM 


S8S88  88S8S   S8S88   8SSS3  88888  8888S  388S  88S88 

e>iiHrH«-ic4     cieifir-i^         oicicJcici         e^e^c^e>^^!     cii-Jc4wc*     olc4cie4w     cJcicic^     f-Jddeiw 


SS8S8  S83S8   38888  ^^B3S    8SB8&  S88S&  S8S;S  8SSS;3  ^ 

e4fHeir^i-«     ci«Hc>4oic>4         cicicii-Jci         cicic^cici     elciwc^w     c4cJe>ie>Jc4     fJcii-Ji-J     «Hc4f^i-4c4   ^ 


I  i    "^  I  i 

II      "^  ■  • 

•  1      "^  i  • 

1  •    ♦-'  j  ■ 

"i  i    "^  i  I 

M  §ii 

11      *^  •  i 

:  !      S  :  I 

i  :    ^  :  : 

ii  gii 

S  :  : 

i  i    *^  I  I 

:  :      o  '.  ', 

'.    '.            9     '.    '. 

:  :    o  :  : 

:  :    e  :  : 

:  !    ^  : 

i  i   *  i  i  i  i 

'.   '.     lO   •   '   •    • 

ii  a:  ii  i 

^  :  : 

lis;: 

'.  '.       o  •  • 

: ;     si: 

:  :      ©  :  : 

i  i    s  ii 

:  :    o  :  : 

i  i  ?«ii 

:  :    o  :  : 

ill  1 1 

:  :   »  :  : 

i!  i\\ 

♦^  i  : 
8  :  : 
55  :  : 

il  ^li 

ii  iii 

:  :    5z;  :  : 

\\i\\ 

:  :    ^  : 

iiii 

\\i\\\\ 

I 


I 

I 

oo 


H.  Doc.  335- 


402 


CEMENT. 


» 


5 

S 
< 
> 

H 
55 


^ 

S 

22      1 

ressive  st 

Per 

square 

inch. 

a      > 

d 

...^ 

5 

1 

t^ 

•  "3  Jt 

III 

•a 

a 


^     "is 

"§, 

oa 
8  ar 
«  H- 
^ 

CO 

S        c 

s     « 

Oi 
CO 

O 


I 


1^ 


"I 


iMMi  iii 

I    I    I    I*^ 

iiiii 

:  :  :  :» 

j  j  i  iS 

iumn  Mi 

iSiig 

§§§§1 

§§§§§ 

§g§§i 

l^-^-rt"^-^*    VrfToo- 

U5'*eo"eo'oi 

OIOIIHC4CI 

wV^"ow 

§§§  lii§§  §§§§§  !§§§§  §!§§§ 


t»«oi^»or« 


blo^-^O       fHOOOOOOO       lOQQAci^ 


isssas 


.'^'  CO  60  ^  00 


S8S 

eo"«i''^ 


S8SSSS 


S3S8S 

eo'^oq'Tf  eo 


SSS88 


S8S 


SS8S8 

fi  r-i  oi  -H  ei 


80088 


SS3S8 

»-J  ^  tH  i-J  N 


^SS8S8 

■§  c4  e4  ei  ci  c^ 


838 


888 


S8S83 

ci  c4  ci  ei  oi 


S:8S8S; 

r-I  f-<  e«  1-H  »H 


8S838 


S3&88 


8888^ 


88888 

I-!  C4  T-S  i-i  rS 


888SS 

fHc4pic4i-H 


88888 


I 


I 


|i 


55 


u 

s 

^ 


s 

^ 


55 


S5 
O 


04 

O 
O 

o 

3 
5 


I 


^* 


CSMSNT. 


403 


1^ 


%h 


"iii  ii 

iiV  i 

i^ 

iiiii  ii 

iii  i 

iil  ; 

Ml  ;i 

i  :§  i 

iiii 

1     1     j     |<N           11 

•  -i-i      ; 

:  '.^     1 

:  \^     :  : 

:  :**     : 

:  :«*"     :  : 

:  :«     : 

:  l"^ 

:  :  :« 

g§i§ 


f-ii^iHe<i-« 


MMOOeOOO 


cfefcfoooo 


iiiii  §!§§§  iiifi 

eoooeoe^oo     Vefeoooof    c^vdca^tS 


iiiii  §§iis 


giSii 


iisii  i§i§§  i§ii§ 


!§§§§ 


ggiP 

toefofeo© 

rH  1-i  f-l  fH  rH 


§§§§§ 


sssss 


•^  •^  ^  '^  ^' 


8SS§RS 


S;SSSS 


SS8S8 

ci  iH  ci  1-4  c4 


.-i  i-J  «  C4  .H 


3SS8S; 

ci  cJ  •-«  ci  iH 


e4  c4  C4  ci  C4 


888SS 


83S3S 

c4e*c4eiei 


ci  cj  C4  ci  cj 


8SS88 

cJe4eJc4eJ 


SSS8S 


SS8SS 


38888 

e<is>jc<lcjci 


88S8S 


S88gS: 


88S83 


S8833 


SSSS8 


3S388 


s&SS;^ 


8S8&8 


&SSSS 


SS88S 

c4  i-J  e4  c4  ci 


'^    ',    ', 

: :  -i-f-^ 

•   •     »^  ;   1 

J     J        rH      •     • 

:  :   "^  '.  1 

H": 

Sii 

•   •*>.•• 

1  :   «  :  i 

j  j    g  i  j 

N  §i 

•H     •     • 

•    •     oo    •   I 



!  i    **  i  i 

:  :    ^  :  ! 

i  i    **  i  i 

•  i  «  :  i 

I    1     ec    •    • 

^  :  : 

:  :    8  i  i 

i  i  8  i  i 

ii  si  i 

:  :    o  :  : 

ii  ^ii 

:  :    8  i  i 

:  :    ©  I  ! 

ii  si  i 

:  :  ©  : 

iim 

:  :   55  :  : 

iMil 

\\i\\ 

ii  Iii 

:  :   !5  :  : 

y^n 

:  :    sz;  :  I 

ii^ii 

li^l 

I 


h 

<« 


404 


CSKKNT. 


I 
I 


3 

i 


03 

H 
o 


I 

g 

I 


if 
!l 

II 


1^ 


^1 

l| 

"I 

S 


l§i§ig  ip§§  fs§§§  gi§ii  §iis§  §§!§§ 


lii§§§ 

|a"5fSS3 


§§§§! 


lOtOiOiOtO 


§§§!§ 


ggiii  i§§§i 


1^  !>•  ■V  ^  00 


sssss 


SSSSSS 

3  d  e4  w  ci  w 


C4i-tCJC4c4 


cirHcicxici 


SSS88^ 


888SS 


SSSS8 


c«e4c4CJc>i 


8S88S 


ssssss 


8SS88 

c4 1-4  c4  c*  d 


8SS2SS 


8SSS3 


88SSS 

c4e>ie4«Hi-i 


SSS58 

cic4cic«ici 


I 


PC4 
O 


I 


I 


S5 


I 

^ 


is 


$ 
^ 


S5 
O 


o 
o 


o 
g 


•5 


3 
a 


3 
S 


I 


ft* 


OBXKNT. 


405 


iiiii 

j  :  1  1-3 

iiiif  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiis 

:  :  :  :*     :  :  :  :«     :  :  :  i-^     ::::'*     ::::•«     :  :  :  i*^     :  :  i  :®     ::::•« 

iiiii 

§l§l§  g§§§i  Iiiii  §lg§l  nntM  i§ill  §1111  iltU 

§§§§§ 

a^asa' 

iiiii  Iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  liiii 

aa?j¥a  aa'jfaa  saa'ss"  gfsaa's  a-sssja  s"a"a¥a"  gf«fa"?fa'  aas"3¥ 

4.06 
4.04 
8.90 
4.18 
4.02 

SS8S8 

4.14 
4.10 
4.04 
8.92 
4.06 

4.06 
4.16 
4.16 
4.04 
4.14 

»;s:828 

35X28 

4.12 
4.04 
4.02 
4.02 
4.02 

4.14 

4.06 
4.22 
4.00 
4.02 

58SS8 

88825 

88588 

2.01 
1.99 
2.02 
2.02 
1.96 

588S5 

2.02 
2.08 
2.00 
2.02 
2.01 

88288 

CJcirH-CJrH 

2.02 
2.08 
1.96 
2.00 
1.99 

58S8S 

S:85S8 

S8888 

^c4cicJe4 

8S8SS 

88828 

2.00        2.02 
2.00        2.05 
2.00        2.08 
2.10        2.04 
2.00  1      2.06 

3S88S 

88888 

388S8 

2.03 
2.03 
2.08 
2.01 
2.08 

3S8S8 

ciciclcici 

88855 

c4cielc4ci 

1.99 
2.00 
2.04 
1.99 
1.99 

55S88 

85888 

2.01 
2.08 
2.08 
2.00 
2.02 

88888 

88888 

2.00 
1.99 
1.99 
2.05 
1.99 

:  :     ::: 

184             1 

:  :     :  H 

',  \    ^11 

J  1   "^  ;  ;  ;  ! 

',        '.            !>.        4        ! 

:  :    S  •  : 

28.5              4            31 

8  :  i 

*  '    '"*  i  i 

M   ^N 

•  •     »^  I  1 

j   .     '^   1   ! 

I  •     23   •  ; 

i  i    "*  i  i 

i  i  «^  i  i 

ii  !^ii 

ii  ^i  i 

ii  85  i  i 

:  :    lo  :  : 

ii  ^ii 

ii  ^i  i 

t\\ 

ii  i\\ 

:  :   ?5  :  : 

\\t\\ 

:  :    »  :  : 

n  ii: 

:  :   »  :  : 

:  :   »  :  : 

\\i\\ 

:  :    ♦i  :  : 
:  :    8  :  : 
:  :   Jz;  :  : 

M^NIi 

I 


h 

h 
5 


55 


OQ 

o 


I 


04 

o 


t 

^ 


i 


0)  59  u 

^|5 


liiiii  iiSi§  liiii  iisii  liiii  sisii 

a  «o»o  «o  lo  «o     «D«<oic«     -^lOtototfT     ?^?oio'«oio'    »orfioio»o"     •<t»o«trViO 


J       |§i§§§  !§§§§  §§§§§  §!§!§  §§§il  ii§§§ 

5       1    ISS'§?f?5    ^8'SSS'    25SS'^"    ^"?3=3^'^?f   ?52SSf8    88SS5 

1^  ^ 

i    I  ^^SSS2  g2S;5S  $SSS$  SSSS2  8SS23  S238S 


1^ 

eg 


|33S$S  SSSSS  SSSSS  3SSSS  ^^^^S    SS^SS 

t/?ic^tHiHc4     t-icir-Jcici     c^c4c4l^i^^      c^oie^cici      c4cssccsc^     oic^c^cici 


8' 


S3SS3S  SSSSS  SSSSS  8838S  SSSSS  83SSS 

^e^Moicici      cicicic^s^     r-ii-Jc^c^-?*      c4c4c4cioi      c4cic4c4c4     c4?ioic>iiN 


^   :.  jSSggS  $83^8  S8SSS  S38$8  82SSS  SSSSS 

'^  i-^  i-J  CS  (N  r-I       r-i  ci  c4  f-J  c«i       c4  c4  i-i  i-I  0 


I 


Ad      c>lc4c4fH?i      c<c4wc^t-;     c^cioicici 


h 
^ 


^ 
& 


I 


i8 

a 

4^ 


"9  J   « 


41 

i 


n 


A 
^ 


n 


CGIUSNT. 


407 


§§l§i  §§§!§  !§!§§  §i§§l 

V«««icr     V.ct--«<J     r--as.o<j«     <ra»««-i 

§§s§§  siiii  i§§g§ 

§gs§s 

fgiSI 

17.900 
24.900 
26.000 
25,400 
21.100 

4.10  >    18.800 
4.00  1    22,860 
4.10  1    29.100 
4.14  1    25.900 
3.98  1    21.100 

§§g§§        §§§§§       §§§§§ 

sssJgfR  ?fass5S  ssssa 

21.100 
24.600 
28,800 
19.900 
23,600 

20,100 
20.100 
22.700 
19.400 
20.800 

1.890 
1,810 
1,400 
1,800 
1,420 

2.000 
2,100 
2,630 
2,290 
2,060 

4.14 
4.06 
4.10 
4.06 
4.00 

8S8SS 

S8S8S 

4.04 
4.02 
4.04 
4.08 
4.06 

3.96 
3.92 
4.06 
4.04 
4.16 

4.12 
4.06 
4.20 
4.26 
4.10 

SSSS8 

SSS8S 

8SSSS    S8S88 

8SS88 

33888 

ei  c«  c4  c4  ?i 

883SS 

3S3S8 

88S8S 

cirHd«N(N 

S8SS8 

e4oi*He4c4 

SgS38    3SS8g 

1.98 
1.98 
1.97 
1.99 
2.08 

1.97         2.00 
2.08        2.02 
2.00        2.01 
2.02        2.06 
2.06        2.02 

2.02  ,      2.02 
2.08  1      2.01 
2.02  1      2.01 
2.01         2.02 
2.00         2.01 

1.94 
1.93 
2.00 
2.00 
2.06 

8S8SS 

dcidcici 

2.08 
1.93 
2.02 
2.01 
1.98 

2.02 
2.06 
2.07 
2.01 
2.01 

2.00 
2.08 
2.06 
2.01 
2.01 

8S388 

cJoioideJ 

iH 

-- 

~ 

- 

S8 

- 

- 

- 

- 

S 

- 

•^ 

- 

- 

- 

OD 

1 

- 

- 

-: 

r* 

^ 

- 

- 

I-* 

•o 

1 

•o 

_ 

s 

1' 

• 

- 

- 

- 

- 

- 

- 

T 

- 

- 

- 

- 

i 

1 

1 

1 

1 

i 

s 

h 


I 


I 


V  S  u 


i 


!§!§§§  ig§i§  siSsi  iiiii  isiig  siiis 


isiii  ispi  igiii 

cieo  c^eo  00     efcf  cf  n'w     oo  cq  eo  c^  cf 


g§§§§  §gl§l 


SSSSS1S 


sssa;s 


i 


-a 
p 


oi  c<  ^  c4  ci 


SS38S 


ci  N  N  ci  c< 


a  ci  ei  c«i  c4  e< 


ssass 


SS88S 


S8S3g    8S888 


5 


•3J, 


•g  iH  c4  ci  c>l  1-^ 


I 


S8S88 


38388    8888S; 


I 

00 

i 


O 


I 


I 


i 


o 


o 
o 


o 

I 


I 


jg 

:MI§  Mils  nils  1 

III? 

nils  liil 

lllli    Mill 

•  •  •  •         ;  ;  :  '.^ 

iiii 

ig 

§i§ii  §!§§§  i§gi§  m 

lags 

ll§g§§  llll 

682 
708 
813 
690 
588 

1,480 
585 
1,990 
2.000 
2,060 

§§S§i  §§§§§  S§g§§  §§S§g  S|§|§  pill  !§§§  IIIII  S§|8| 

I'fJ'i-r    ciofcfwci     cicfcTcTcf    CO  CO  CO  CO  cf    ofwciwcf    »otoio»ii     oTcfoocfci 


pfcQcfciec 


tocfooooao 


S:SS)SS  SSS8S  sssss  s^ssss  ssss  sssss 

^-^^■v'"*      ^-^^"^^     "^■^^'^^     "^'rf^^'^     ^'♦^if     oO"^'^'«a«^ 


SSS88 

c4r4oicJc4 


58383  SSSSS  8838$  S88S8  8888  SS888 

c4c4cicicl     c^^dr-Ioi     c4c>icic4»H     cicidcle*     oit-Jc4c4     rJciciwci 


88888 


ei  Ci  C4  04  rH 


88^88 

c4cic*c4e4 


BS^SZ    88338  S88&S  888S8  388&  38888 

cioicicioi     c4cic4c>ic^     cicscldoi     c4e4c>ioic4     cicidd     (Nc<c>ic4ci 


58888 

oidoicid 


53888 


8888^ 


88888  88858  8S88S;  83388  8588  88355 

cidt-4oic4     ciricicid     ei^Jdwi-i     cic4cic4c4     c«McifH     dcicicicj 


858^8 

cicic4iHc4 


•^ 

'"' 

-- 

—'.- 

',          m^       '.       ', 

ii~K 

',  ',    '"' 

- 

~ 

- 

-i 

s 

t^ 

:   S  :  : 

:    ^ 

»H 

"*    '.    I 

i  :    a  : 

'«« 

•  s 

•      ■*    •    ; 

:  :   ^  : 

34.5      4 

s 

■  ^ 

1    lo  :  : 

:  :    3  : 

- 

55 

1 

^ii 

:  :    i  i 
:  :    »  : 

1 

1  i 

:   ^ 

1  )SM 

:   51;  :  : 

iMi 

IM 

1 

i 


I 


410 


CEIUSKT. 


I 
I 


I 
I 


3 

> 

Pi 

g 


5h 


S3 


IH 

I 

CO 

H 


I 


g'" 


!   I 


EE4 
O 


-4 


2  dj 

V4  Pi 


I 


I" 


if 


a 

♦J 


lii§gi  iisii  §§§§§  isisi  i§§gg  s§i§i 


|i§§§§ 


iiii 


§i§ii 


§§§§1 

crcTf-rofi-r 


cfcfofcfoT 


oTefcfofcf 


|8SS8S 

f 

JSSSSS 

vc4e4c>lc4c4 


cic4(Ne4r^ 


5SSSS 


fHe4rHiHfH 


S3S8S 

iHclf-ielN 


8SS8S 


58888 

cl  oi  ci  oi  oi 


^dcJcid 


88&88 


S88&8 


S^SS8 


^SS8S 


88SS8 


§88888 

J  »H  ci  c>*  e^  ci 


s;gs&8 

r^(Nclc4c4 


8S888 

tHcic4c4c< 


88^88 

fHrHC4r-iiH 


8^:888 


88888 


55 


55 


I 


55 


§ 


&4 


o 
3 


3 


OEMENT. 


411 


5||^! 


>§§¥ 


fgigg 

ii§§g 

§is§§ 

1,180 
777 
601 
925 

1,110 

imui  §§§§i 

§§§ii 

sgsg§ 

2,740 
2,850 
2,420 
2,400 
2,150 

1,600 
1,500 
3,760 
2,510 
8,090 

2,280 
1,900 
1.960 
2,450 
2,640 

iilii 

|g§§i 

3,700 
2,960 
2,960 
8,200 
3,460 

aS8SS  S8?3Sa  8SS8S  SSSSS  SSSSS  SSSS8  ^^^^r    ^.^^^^ 

^'*"^^'»   ■^•^'♦■^■^   "^^"♦^■^   "^^'^'^•^     ■^■^^00'*   ^^l'"^'*   •«)I"^^"^^   '^jJ^'S'"^"* 


gSSS8  8S8S8  8^888  S8S88  SSSSS  88888  888S8  ^8^8S 

ci  iH  r-!  r-i  c>4     clfHr-icliM     04  CI  C4  C4  cj     e4?4c4c4cl       cieiwwtH     cidcieJoi     cioici-^ei     eicicicici 


8SS8S  88888  SS83S  S8833  S3888  SS8S8  BBSS^    S^oSS 

cjpjcioici     «4c4cJcie*     t-J  »h  i-J  c«i  oi     i-4c4cir4c4       c4c»c4fH*i     cicic^'cicl     oieicicici     cirHe4c4c4 

Si 

88838  8S8S:8  ^&&SS  SSSSS  S8888  $88S8  8S8S8  SS888  g 

cicliHWci     i-ic4«>li-»c4     f4ihc4c4i-I     oIimimiHih       wdcir-Jci     i-^rJ^tncI     r-3c>lc4c4c4     oii-icirHi-;   ^ 


•  •    '^  I  I 

•   !     "^  I  • 

',  '.     ^  '»  ', 

',  ',   '^  \  ', 

•  I    "^  *  * 

'  *   "^  !  i  * 

:  :   8  :  j 

1 

35.0          188    

:::::::::::::::::::::::: 

1  I    53  I  • 

i  :    8  :  j 

II  §1111 

II        ,H     I      I     I      I 

II       o     I    I    I    I 

8  :  i 

•    !     r^    I    • 

:  :   o  :  : 

:  :     o  •  • 

ii  « i : 

:  1    o  ^  • 
!  i   si: 

I  :    o  I  I  I  • 

:i  ^  i i:  i 

1 

1 

Neat.   

\:     ill 

t\\ 

W  i\\ 

:  :   55  :  : 

M  ill 

:  :     sz;  :  : 

IMII 

:  :    ♦i  :  : 

II 'II 

:::::::: 

Neat. 

412 


CEMENT. 


I 

a 


^ 

I 
5 


u 


^ 
& 
H 


M 
CQ 

n 


<^S.2  • 


l§g§gs  §s§g§  i§§§§  iiiis  ^§s§§  §§§si 


liiiii 


§§§§1 

ofciofcfci 


!§§§§ 


mm 


^1^ 


sa 


*^  -**  "III  -^  —  — 


^"♦^^^     "^"^•^"^^ 


rHrlfHiHr-l 


SS88S3 

^  C4  d  c>i  c<i  ci 


88883    88888 


88888 

ci  c4  e4  oi  c4 


S88Sg 

i-<  d  c>i  ci  ci 


S83S88 

^c4e4cic4oi 


88888 

c4e4c>ic4c4 


3SS88    S3&8S 

c4e4ciclc4     c4c4e4cie4 


883S8 

c4c4c<ie>ici 


88888 

ci  ci  ci  C4  ci 


aSSSSS 


88835    88888 


8S888 


S8888 

t-ic4c«oic< 


O 


I 


P4 
O 


k 


^ 

& 


k 

I 


I 
I 

I 


I 


il 


I 


3 

J4     . 
Si 


§5 
P<' 


CEMENT. 


413 


S§l§§ 


§§§gi  Mitm  g§§i§  i^isi  §ii§g  §ii§i 


§!§§§ 


§ii§§ 


liiii 


§!§§! 


!§§§§  §l§§i 


■^eo-*  Vco     cfiHcs 


4.16 
4.06 
4.14 
4.28 
4.16 

4.18 
4.00 
4.10 
4.14 
4.14 

4.16 
4.22 
4.10 
4.04 
4.20 

4.18 
4.04 
4.22 
4.26 
4.08 

4.16 
4.10 
4.18 
4.12 
4.16 

4.14 
4.14 
4.06 
4.18 
4.06 

4.22 
4.14 
4.18 
4.08 
4.18 

g3S88 

8S838 

88888 

8^888 

8S888 

S8888 

8888$ 

Oiclcicirj 

88888 

(NWCirH'c4 

S8S88 

e4e4(NCJ<N 

2.01 
1.96 
2.00 
2.06 
2.01 

888SS 

8888S 

8888S 

888&S 

CO  C<  €4  (NCI 

2.02  •      2.07 
2.00        2.06 
2.00        2.04 
2.00        2.05 
2.00  1      2.08 

88^8S 

c4(NcleiM' 

2.08 
2.00 
2.06 
2.01 
2.01 

2.01 
2.08 
2.06 
2.00 
2.00 

8SSg!S 

8888S 

8S888 

Wr;^C«(N 

2.02 
1.97 
1.99 
1.99 
1.99 

f-4     '     • 

',  \    •""  I  I 

i ;— Hi 

J  :    r-t  :  : 
:  :    o»  :  : 

!  i   ^  :  : 

I  :   S  :  : 
:  :   "*  :  : 

8  :  : 

jig:: 

iH     •     • 

\\i\\ 

i  :    '^  ;  i 

:  •    "*  I  • 

:  :    ^  :  : 
■  •    »-i  •  ■ 

:  :    "*  I  • 

O     '     • 

i;  si: 

:  :    o  :  : 

i:  a :: 

\\  i\\ 

\\  i\\ 

:  :    1.^  :  : 

ii  8  ii 

n  ^1 1 

:  :    •!  :  I 

^11 

\\t\\ 

:  :    ♦^  :  : 

M 'n 

::■«:: 
:  :    $  :  : 

:  \   ^  '  : 

\\i\\ 

M  III 

:  :   525  :  : 

\\M\ 

IMil 

1 

li 


414 


CEMENT. 


i 


I 

■< 

a 


Q 


H 

3 


CO 

s 


00 


i 


8 

o 


I 


^y-s 


I 


fHNri^iH 


e4M*cicfof 


^1§ 


a 

§ 


I 
I 


5 


|i||§§  i§§gi  iifii  §§gi§  ssiii  iigii 

|§§li§  !§§§§  §§§§§  liifg  i§li§  !§§!§ 

giOioio^"V  cfofcsTeoor    V»ot^«o«  cfefcoefef 

s^sgss;^:  as:§;!:s  sss;^:^  s$;3S3 

't'-^oo^'^^  Ti!^'*^-^  co^'«<'"^'a5  ^^"^eO'^ 

_^; 

JSSSSS  S35SS  S38SS  SSSSS 

'^e«rHMcic4  cicicJciiH     cicicicicJ  cidoicJoi 

|SSSS3  SS&SS  SSSSS  S&SS8 

*§  c4  cj  c4  ci  oi  oic4c4C<ici     •HcifHe<ii-i  rHC4c>«*HC« 

»3SSSS  S8SSS  S8SS8  8SSSS 

"^  Ci  rH  f-i  iH  r-i  CI  CJ  r-i  C<  CJ       r-ioir-iiHci  C4e<icicJr-« 


8SSSS 

9lc4c4c4ci 


S8SS8 


C4  c4  Ci  Ci  rH 


SSS8S 

Ci  e«  pH'  W  rH 


I 


o 
g 


I 


3ii 


pi; 


iSlis  §fi§l  eieU  lillS  ISlii  §§§§!  gSIII 


§§§a§ 


iiiii  um  i§iii  iipi  iiiii  liiii 

^•^V^'^     cTwcfc^w     (Cioioioio     eooiooooeo     V"»o  Vio«e     ooeo^ooV 


SSSgJS 


v  -^  ^  V  ^ 


sssss 


cJ  d  C4  ci  ci 


S8SS8 


eieJdcJd 


cioicJeid 


cJclcidcJ 


oicidcid 


oidr-Jcid 


38SSg 

dddcici 


oS8$S 

ddd.H-d 


8883S 

ddddd 


S8SSS 

ddddfi 


ddddd 


$S8SS 

-Jdddd 


SSS8S; 

ddfHdfi 


i 


s 

% 


i 
I 


ill?! 


^§§§§§  !§§!  i§§g$  g§g§  igigi  §§g§.i§§§i 

I 


.'-•sag  «88s  "aass  asss  '-ssss  ssss  '-•ess 

S  r-l  i-l  r^  rt  r-<.-t  ^fH  ? 


I        § 


5 


H 

o 


I 


Ha 


I 


^sse 


-888 


'SS:S 


r-l  fH  iH  r-(       ^  C* 


as$$  ^^ 


"*•*''»'      r^i^fiififi      t-t^t^l-      r-IO» 


:;SSS 


SSSS 


Date  of 
manu- 
facture. 

*l 

1 

i 

: 

9 

i 

- 

^ 

i 

^ 


I 


OEKENT. 


417 


3igi  piii  m%  gi§§g  §fi§§  iiiii  isai  §§§§  i§gi  isi§§ 

ofefcfef    eO'^Vioio     eoeoVeo     ooVKfiftio     -^oo^V     »m  ViOtOio     ciooeo^    tototoco     ■^Vioio     iaio«0(0«o 


-asss 


^S8$|  ^as5$8  ?3fesg  »-ss&s  ;s§s:s  -^sssg  sasg  SSSg  SSSg  ^S:SS8S 

r-lfHi-4vH           !     ;     ;     ;     ;       i-lr-t»-«t-l           ;     •     •     ;     •       i-»^r-ti-4           •     I     |     I     J       ^rli-tiH 

»HlHfHr-l            I     •      J     1     I 

'-ssg  :  i : : :  ^^s^sg  j  i  j  i  j  ^ss^  j  j  j  j  i  •sgg 

-8SS     iiiji 

^■*^       l>iOQQI^]H       t^»-fr»t*       rt 


^sssg 


flssg  ^'^'^^  sssg  ^^^^  ^^^IS 


©   • 

:   o  •  ! 
':  ^11 

:  :   o  : 

:    o  :  : 
is:: 

:  :    o  : 
i  i   S  : 

:    o  : 

i  ^  \ 

:   o  : 

:    o  :  :  :  : 

i  a  !  ii  : 

i| 

Mil 

Ijij 

Mil 

IMl 

\i\\ 

IMi 

\i\ 

ij 

jijjn 

% 


I 


k 


s       a      a       s 

H.  D<H"..  335 27 


a 

a 


s 

m 


t 


I 


a      a      a 


g 

•a 

d 


P 


O 


O  >*-.  ad    . 


•a  J, 

"is 


Is? 


12 


ill 


•6 

a 


§1 


OOOO   OOOQO   oooo 

I 


§^ii  iiiii  ii§i  issii 


eo^eO'v     i-iT-iC4C4     ihcomoooo 


S888    *-;2g«|    2^Sg    *S3!S    -"^SSSS    *gSS    '^^^SSg 


'^SfeS    '^SSS 


•^■^■««'i<     i>««oc>ii«o>     t*t*i-*r* 


3 


is 


^ 

» 


» 
S 


g 

^i!; 


I 


1^ 


I 


g 


2 


a 


CEMBKT. 


419 


iisi  §iii|  iiii  iiiSi  §ii§  gig§g  iiii  isigf  umn 

cfcf©»oo     »-r«"w«o<o     '^f^^to^    '^io«o«icr    iOio«o«o     ioioio<oio     ufiftioio 


:3S8S    '^SSSS    S888    ^3888    ?58SS    ''S^^SS    S^JSS    -"^^SSg    *gSS 


''SSSg 


oeoeoeo     f-4c 


gg  ^^^^  ^gss8 


»•'*      t*<PH^ 


S!5«gg    ^'-^ 


"^SSS  -^-"-^^ 


0 
3 

:    to  :  : 

:  a;: 

I  '    10 

:   10  ! 

i  ^l 

10  : 

i  ^\ 

:    ,0  • 

•0  • 

:    10  :  : 
:   ^  :  : 

1  j 

ji 

:    «<  : 

1 'i 

\  \ 

:   ^  : 

i    -M  : 
:    2  : 
:   ^  : 

1 

:    4J  :  : 

Mil 

:  :    1 
:  :    ^ 

I 


£ 


< 


£ 


I 


&  ■      & 


O 
Q 


S  £ 


0 

1 


420 


osianrr. 


I 


Z  ^  O 

hi 


3s5 


I 


P 


O 


1» 


52 


25 


fa 

I 


I 


^•^•ph" 


^^a«s|  aass  *"s^§g  s^|S  ^saeg  •^•ssj  •ssj 


^sss 


""SSg    '^SSSS 


-asg 


ri^asas  -'^^^  ^s; 


I 


SSIS    ^^^^ 


fa 

I 


Is 


1 


11] 


o 

1 


'S 


I 


I 


I 


s 

1 


+tH 


-U- 


-+H 


rrd: 


ifTt 


r-ti 


^ 


d 


b 


Ml 


-t-^-r 


-H- 


W4: 


•.tt 


6 


o 


I 


9 


-1  (• 


' 


A 


12 


IMOMHHi 


'I 


141 


t-- 


15 


i 


16 


17 


i 


<  Q 


s 

t 

'^ 

a. 

:_3 

L 

:zi 

-- 

._ 

— 

-- 

~~y 

■ 

"^ 

—  ^ 

^ 

-hI— 

T 

X 

\ 

:: 

:?a 

1 

1 

19 


20 


<o. 


H 


r>9 


23 


CEMENT. 


421 


iss§§  sssi  3§is§  §sss 


'';2:sss  ssss  '^^^^ss:  :398si 


'S8S 


^asss 


-S8SS8    ^^^^    ""S^Sg    ••'"'"'" 


iWl:   fil::   S 


8 
^ 


Si 


Is 


Is 


I 


S  2        S         2 


422 


CEMENT.       SET   IN    klR   AND   IN    WATER. 


H 

I 


■< 
^ 


a 


08 

o 


i 


11 

la 


2 

o 

a 


<n  ^  g  8J 


«§  gist's 


^  _  *  »      "at- 


s  5  2"S  S 


sp'Sn-s-s 


Tl     TO    ^ 

a§a|.s 


f-  w,^  ^  s  <5^  s  a 

^     Q    Qj    CP  'Tg       •*    ^ 

o  s  g  ^'S  s-^  «« 


m 

H 


S5 

O 

Q 

CO 

„-< 

03^ 


g 


go 


s 


Si 


g*-2 


5 
§ 


■3 


mm 


|siii 


liiii  iiiii 

iHiH        i-(f-1        r-l  1-4  rH  r^  pH 


sgjssss  asass  sas^ss 
j^'^'^^^  '^^^'^'^  ■^^^^■^ 


e*ic4NC<e4     c>JC4e«c>ic« 


^gSSSS  S3^S8  SS^SS 


^SSSSS  SS8SS  8SSS§ 

<  C4  c4  cj  c4  e<i     oic>ic«icic<     cicirHcici 


§ 
^ 


I 


1 

s 
n 


3 


OEMKNT.       SJETT   IN    AIB   AND  IK   WATEB. 


423 


1 

00 

i 

CO' 

§ 

8 

i 

eo 

lO 

1 

CO 

§ 

i 

00 

1 

8.090 
3,820 
3,710 
8.20O 
8,610 

%^im  §i§§i 

§§  i§  gi  IS  ig§ii  §i§s§ 

eooo     Vo     oo-rf    •U9     «««««    V'^^'.oV 

§§!§§ 
sassa 

ii§§§  §§§!§ 

3-SS3S2   8-SSSSf 

§§§§!  §i§ii 

§§  §1  §§  !§§§§  §§!§§ 

§sf  gg  §8  isssss  sasss 

SS2SS 

assss  sssss 

S8 

gSJS    338    Se    S8SS8  S8SSS 
SS    S3    8S    -•----'  ----- 

gssss 

c4c4cic4(N 

SS383    SS&SS 

coooeoeoeo     eoeoeOM» 

88 

SS    SS:    SS    8S8SS  35838 

^^       <00       <0«       ciM>icS<N     (NINPiNCi 

33333  88^88  388^3  83388  88S38  S8  88  83  88  8:^838  88833 

04 cj oi C4 ci     fHclcicic*     e>iMcic<rH     eoeoeocoeo     eoooeoooee     •♦^     ^^     <d<6     «o«o     ciTJcJcJrH    cj-icioioi 


38888  S3833  8383S  S8S3S  88388  88  ;^8  88  88  88888  8&8SS 

c4C4e49Jcl     C494C4C4C4     c>ic4cJiNci     coooeoeoeo     eoe<5ooooco     oo'^     ■^'^     ic«     <oto     e4e4cJ,He^    C4e4c<lcie4 


n  :  i 

:  :   52  :  : 

:  :   8  :  i 

Si 

ss 

1 

1          182 

•H      •      • 

:  :   8  i  i 

•  I   »-•  •  • 

:  :   S  :  : 

»     '       r-4     •     I 

:  :   ^ 

fH 

8 

r-l 

Sii 

si: 

i  i  ^ ;  i 

N  ^ 

1^ 

8 

o    •    • 

iH     •     • 

J   •     '^   ;   ; 

•     •        fH      •      • 

'     '       rH     '•     ' 

•     *      r-t     *    » 

•   !     *^ 

•H 

rH 

*^ 

^  •  • 

J     ;      rH     ■     • 

•H     •     J 

',   ',     "^11 

I     l        *^     I     I 

*   •     •^   ;   ; 

■   !     *^   •   • 

*   •     "^ 

rH 

?-l 

fH 

*^  I  I 

J     •      iH     •     1 

2       2       &       &       I       aaaii       a 


424 


CEMENT.       SET   IN    AIB   AND   IN    WATEB. 


a 


5 
^ 


b4 
•J 


CO 

O 


< 

n 

td 

H 

O 
.J 

n 
(^ 

O 

td 
o 

s 

5z; 


o 


t 


I 


V  So 


I 


ill 


iipg  liiii  piii  liiii  gpii 

toi>ic'<oicr     V^mio  V     «Oioao«o«o     lOiOicTiOicr    oraooTooao 


I 


!§§§§§ 

|gf8^sa 


§§§§§  §§§§§  i§§i§  §§§§§  §§sii 

88sas  s'saas  sasss  sss«"5?  ssssr' 


ill 


1 


^ssiss  S3:;ss  3ssss  ssssa  sssss 

T^-^-^^T*     '^■!f-i<-^'^  *-^^'*^'>ii     oio»o»eioi     eioiekokei 


I 

I 

A 


I 


■ESB^2    n^BSB    Z2^SS    SSSSS    S3SS3    8SS8S 

«iHe4cirHci     rHeic4c4N     o!nc4c>Ic<     ciwcicici     eitooicieo     cocincooi 


«38S3S 


SSSS&  8SSSS  €8888  8SS88  BS^BS 

cie^dcic^     c4ciclclcl     c«cJc<lc<lci     eieieoeoci     eoeoeomeo 


■a 

-a 


s 
5 


wSSSSS 

<  cJ  ci  c4  fH  fH 


5 


8SS88  8S8SS  3SSS8  ;s;888S  8SS8S 

oicJc^cie<i     cir-ifHCJfH     cicii-icjci     eijeoeoeoco     eoeiSeocoeo 


■8® 

1^ 


18 


i 


S 


OKMEirr.       SET  IN   AIB   AND   IN   WATBB. 


425 


iiiil  ii 

ill  ii 

iii  ii 

:  :| 

i§ 

:l   ii 

iig   ii 

iii  ii 

ii«  ii 

iii 

:  I  :  :<N     :  : 

:  jeo     :  : 

:  :«     :  : 

•  j-^ 

jeo 

:•**     :  : 

I  :v    .:  : 

:  :»     :  : 

:  :«     :  : 

:  :«- 

nnm  nm%  mu  §§§§i  §§  §i  §§§§i  igsii  §§§§§  ^m 

f-Tciefcfw     eo^od'^oo     cfefol"e4"«     loVio^io     oooo    «oio     •©•oV'^'o     «oiot^«oio     r^iOio«o«r    t<^oop'r>^o 


7,900 
11,200 
10,900 
11,200 
10,700 

15,400 
18,800 
15,700 
19.000 
14,800 

9,400 
10.800 
10,900 
10.600 
12.100 

§§§§§    §§    §1 

5588Sgl    88  5JS 

§§gi§     §§§§§ 

§§§§§    §§g§§ 

4.16 
4.14 
4.22 
4.12 
4.08 

4.18 
-4.28 
4.12 
4.18 
4.18 

9.86 
9.89 

9.80 
9.27 

8SSS8 

Voeod^eJ 

S8888 

SS88S 

SS88S 

^ooeo^oo 

2.02 
1.98 
1.97 
2.01 
1.99 

S3SS3    S^aSS 

88888 

8»  88 

eiei    ooci 

2.02 
ZOO 
1.98 
2.04 
1.98 

88S88 

88838 

ciiNC^idoi 

83388 
e4e>4c4cJc( 

38S8S    S8S;8S 

38888 

eJeJcicJcJ 

8.09 
8.01 

8.02 
8.00 

1.98 
1.99 
1.99 
1.98 
2.02 

2.06 
1.97 
1.99 
1.97 
1.98 

1.99 
2.04 
1.98 
1.99 
1.99 

SS:888  88883  88888  88388  83  8S  88388  88888  88888  83833 

v-4«Hr-4e«oi     •HcicJeid     e4iHiHe4cl     e4cic4fHc4     eiee    eoeo     cieicidcj     fHc4c4cie<i     c4v-«cie4e4     i-ie4cfcicj 


i  :   S^  :  : 

:  ;   8  j  : 

8 

I    •      «o    •    • 

:  i    ^  :  :  i  : 

S3  :  i 

•    I      rH    J    I 

:  i   5!  :  i 

•  •   "^  •  • 

:  :   S 

•H 

ts.      1      I 

I    •     »^   1    • 

i  :   8  :  : 

i  i   '^  J  i  *  ' 

o    •    • 

:  :   o  :  : 

ii  2^ii 

:  :   o  :  : 

i:  5«ii 

:  :   o  :  : 

ii  ii: 

I  1     o 

ii  ^ 

o 

!^ii 

ii  ^ii 

:  :   «  :  :  :  : 

ii  !^ iii: 

f^  :  : 

•      I        f-4     •     • 

*  I   ""^  i  I 

1  J    »-«  j  1 

i  i   *^ 

•H 

\\t\\\\ 

f-i  •  • 

!  •    vH  •  ! 

•  •   ^  J  • 

•  I    '^  i  • 

I  I  "^ 

^ 

^11 

\\i\\ 

iMIi 

Ji 

a 


426 


CEMENT.       SET   IN   AIE  AND   IN   WATER. 


•8 

I 


% 
^ 


n 


5 


OQ 
00 

OQ 


o 


O 


g 


^         ^ 


S5 

O 


§ 


»4 

^ 

d 

s 

a 

a 

5. 

?. 

? 

eS 

•o 

•o 

C4  M 

'♦S' 

■oS 

-^s 

i 

SI 

§^ 

' 

2J  p 

ll 
P 

s 

•al 

d 

i 

§ 

§ 

g 

g 

1 

1 

^ 

i 

^ 

;§ 

^' 

g 

tt 

a 

V 

CI 

« 

!>■ 

O 

e< 

•  w 

4) 

:< 

^ 

&§-« 

§i§ 

l§ 

Sii 

II 

i§ 

i§ 

oo 

ii§§i 

g22S8 

aD<oeoaoa& 

> 

i 

4b 

'    oToTo. 

00  00 

asa 

00  OC 

r^r< 

t^r- 

oTo 

eccsdoocM 

C4CMeoc4e^ 

^ 

§i§ 

§§ 

§i§  §§ 

§§ 

11 

§lii§ 

§§ii§ 

H 

■    S5§'§8 

sSf: 

■   S|S 

SI 

ss 

IS 

gg 

•  sa»aa 

.-lOcgrJrJ 

„ 

|88S 

2?:s 

S?; 

SS3 

ss 

S3S 

?;!S 

88 

S88S8 

S8S8S 

! 

Mi 

^^cc 

^Oi 

oio»0) 

;o<c 

^^ 

ss 

^^ 

^'^'^<^^ 

^^rf%»:^ 

i!. 

§888 

sss 

SS 

sss 

SS 

8S 

S8 

8S 

8SSSS 

SS8SS 

g 

r^W-ri 

eocc 

eocoec 

eo^ 

'fl'ea 

«o«c 

>0«3 

ci(N,H<NCS 

CIMC^CslCI 

1 

ll 

&S3 

SS 

88S 

SS 

S8 

S8 

38 

SSSSS 

8SS88 

s 

cir^CS 

«ec 

meooa 

eo^ 

^■^ 

<d<0 

<Otfi 

ci  1-J  c>i  i-i  es 

Clr^piciw 

1 

6 

4 

i^^a 

o5 

o§a 

oi 

SS 

8S 

S8 

S8SSS 

SSS88 

M 

C*r4<N 

COM 

MM03 

^.ql 

eo^ 

<d<o 

»o« 

e4ci<N<NrH 

w-cicicici 

•s 

n 

N 

In 

. 

tH 

1H 

iH 

tH 

<o 

ii 

S» 

i 

^ 

•5 

^ 

iS 

- 

S 

eo 

s 

00 

$ 

lO 

t^ 

*-1 

'-^ 

^ 

si 

^m 

•« 

lO 

>0 

lO 

lO 

lO 

lO 

CI 

N 

g 

OB 

k^ 

a 

^ 

S 

^ 

^ 

^ 

a 

s 

^ 

■a 

T3 

^ 

^ 

1 

5 

.J 

4J 

. 

«J 

♦i 

*i 

*i 

.M 

^ 

fH 

^i 

S 

1 

2 

s 

S 

i 

$ 

s 

;z; 

«; 

55 

55 

jz; 

z, 

;z; 

z; 

*-• 

S 

O 

3 

•d 

1 

S 

S 

& 

^ 

& 

^ 

S 

S 

^ 

OKHENT.       SET  IN   AIB   AND   IN   WATEB. 


427 


I 
SI 

^1 


-I 


sr: 


iil  i 

iiil 

i§ 

i§ 

ii 

ii 

ii 

ig 

il   i 

i  :  il    i 

iil  i 

iil  iiii 

:  :«     : 

:  :  i'^ 

•  eo 

.iO 

■  t- 

ius" 

•  t^ 

.lO 

:»-     : 

.     ■     .rH        • 

if  i 

if  iiii 

ill  i§ig§  §§  i§  ii  §§  II  §§  §i  §i§ii  iiiii  siaii  unu 


eoco« 

^^*S^^ 

0000 

Ui^ 

t<-t^ 

^uS- 

odiC 

«\o 

OOOO 

ddMClCM 

a"sS 

18.600 
17,900 
21.700 
19.600 
18,200 

12,100 
15,600 

51,600 
45,100 

76.900 
79,900 

134.500 
117,400 

gi 

§§  §§!§§  §gl§§  §§ii§ 

gg       rfTiO^diO'iO    •OiOt'^iOiO    iO«»0«<0 

9,760 
11,420 
11,510 
12,000 
12,060 

8SS 

88 

SIS 

S5 

38 

S8 
88 

SSS82  SS8?S  S8S8S 

.^^■^^^   -rf^^'^'^   ^^-r^^ 

SSgJSS 

888 

88 

00  CO 

88 

COM 

8S 

COM 

^8 

coco 

S8 

88 

383^8  ^€338  S3888 

oicJcic4e<i  e4c4c4c4ci  <Nci(N(Nc^j 

8888S 

1.99 
2.01 
1.96 
2.00 
2.01 

S3 

88 

COM 

88 

»co 

S8 

88 

88 

to<o 

38^88  33883  68838 

e4cle4c4c<i  ciM*HcieJ   cicfddcJ 

88888 

SS8 

ss 

8g 

COM 

eoeo 

8S 

88 

8S 

88 

SS^BB  88888  38838 

c>idc<c«ici   csM'c4MC>i  cic4F-«cic4 

8g3S3 

s 

s: 

S 

ss 

<o 

- 

- 

^ 

- 

- 

-i 

^ 

fH 

8 

3 

00 

3 

CO 

8 

lO 

t^ 

*-1 

8 

CI 

€4 

3 

w 

^ 

C4 

3 

C4 

4 

- 

5? 

- 

- 

-: 

1-1 

rH 

1-1 

^ 

iH 

r^ 

•^ 

1-1 

•H 

C4 

Ol 

94 

iH 

'^ 

^ 

1-^ 

^ 

fH 

•^ 

tH 

iH 

&    &       &&&&&&&&      &      &      a 


428 


CEMENT.       SET   IN   AIR   AND   IN    WATER. 


% 

^ 


I 


OQ 


S 

« 


3 


I 

II 


•a 

a 


a 

I 


|5 


^1 
I 


§  of  cf  ci c^r     Vio'-^iO 


ii  i§  i§  II  iiiii  mm  ii  gi 

oTe-T    -^ift     coco     V^     ,-ri-ri-rfH.H     vioaci'tccT    i-Tih     eeeo 


26,700 
22,800 
26,200 
26,100 

46,700 
61,600 
41,400 
49,600 

SJ 

76,900 
81,600 

111,200 
109,600 

m 

16,100 
13,000 
16,600 
11,200 
14,800 

80,900 
81,000 
27,100 
80,600 
26,800 

27,400 
26,800 

§§ 

Issss^s 

^SSS 

S8 

88    8$ 

^^ 

^^S^SS    88a$$S    a^S 

as 

^»»eidi 

A'aAoS 

ss 

ss  ssi 

ssss 

oioiCAOioi       C^CAOkAOk       O^ 

ss 

H 
Cm 
O 

§ 

s 

2 


S5 

o 


8 


lis 


u 

« 

0* 

OQ 

•^ 

^ 

O 

td 

o 

« 

H 

-< 

n 

t 


^ 


^^    S^    3^    ^S    SSSl^S    SS^SB 

^  CO   00  CO   <0  O   to  <0   00  00  00  00  CO   ooooooooco 


COOO        00  CO 


••COCOCOOO        CO  OQ  00  CO 


8s  88  sg  88  ^B^s^  ^^^s^ 

rf'^     -^-^     (0«6     «dto     coooeeooeo     eeeec^c^eo 


88  88 


S'SSS^  S^Q^    88  88  B8  88  8SS88  8888S  S8  gS 

^ooooooco     coo6e6o6     -^'^     -^-xj*     <6t6     <0(0     eocooSoeoe     ooeoeooioo     eo^     ^^ 


8 

I 


s      a 


o 

Pi 


^   &   & 


&   & 


OEMENT.       SET   IN    AIE   AND   IN    WATEB. 


429 


-3 

a 


i       i 


is  i§ 

Mils  jM 

i§ 

MMi  ini 

!iii§  i 

:  :  :  :^    : 

iiil 

is  i§ 

is 

1,760 
1,750 

2,880 
8,070 

§1119  lis 

§§ 

§§  §1 

2§ 

S3 


§1 


i§§§g  §ig§§  iiass  siii  §§§§§  §§§§§  §§  §§  §§  §| 

»-4»-*»Ho«iH     cfc4"c»fcl"e«f    eicocfcfef    ■^cc'^oo     9t^f£cSr^    t^^t^t>^    ooo»     efjo     iHeo     gjg 


lo'S 


ss 


SS8S^  SSSS8  SSSSS  SS9S  SJ^Sl^SS  9S99$  SS 

'^•^'^^'^      '^■^'^'^y^      ^^^^^      ^^^^      OioiOkOkOk      OkOkOkOi-^      •« 


5IS 


SS  %1^ 


S88SS 

88SS8 

cieJcicJoi 

88388 

2.06 
1.99 
2.04 
2.01 

88888 

MOJeOMM 

88 

8g 

83 

SS 

«><6 

33 

88S88 

S8SS8 

88888 

2.04 
2.06 
2.02 
2,07 

gSS83 

&S888 

eoeoMMoo 

88 

sa 

S8 

88 

f6f6 

88  8&  88S;38  88388  88883  888S  83888  33833  88  88  38  8S 

^(O     «0<o     dcff-Scid     e>Sc4e<ic4fH     c4c4f-4cic4     cJcicJcl     eoeoMeJCQ     Mooe^edoj     M'^     ^-^     «d<5     leid 


8 

•   1     «e   ;   ! 

:  i   ®  : 

i  i   8  :  i 

8 

8  j 

% 

lO 

t^  *  ; 

i   I     "^   J   ' 

:  i   8  :  : 

I     •       iH     • 

i  ^n 

•     •       iO     1     • 

ii  1 

lO 

§ 

lO     • 

o 

s 

o  •  • 

SS  :  i 

:  :   o  •  : 
:  :   ^  :: 

:  :   o  :  I 
:  i   SB  i  : 

:  :   o  I 
:  :   S5  i 

:    o  :  • 

:  :   o  •  • 
:  :   55  i  : 

:  :   ^ 

o 
S5 

o 
S5 

o    •' 

^  : 

eo 

CO 

^  i  • 

••'*•• 

i  i   ^  i  i 

i  i   "*  i 

i   "^  i  i 

!!"*!! 

i    ** 

-♦ 

* 

*  i 

•^ 

fH 

w4  !  ! 

•     •       »H     •     • 

•   •     iH   !   ! 

J  •   »H  I 

•   "^  I  J 

I  *   '^  i  * 

!  I     "^ 

•H 

r-1 

vH     • 

s   2   a 


2       a 


2   s   a   a 


430 


CEMENT.       SET   IN    AIB  AND  IN   WATEB. 


I 


^ 


b4 

O 
Q 

-< 
OS 

55 


CO 
Cm 

o 

H 

O 

s 

< 
» 

55 

o 
n 

o 


xr 
^ 


o 
o 


g 
^ 


§  i 

00       CO 


8-= 


^eod5ooo>i-i 


I 


^S^ii  ^S§^^  SSSSS  S8SSS  SgSSS  g 

i-tSt^oooo      «o55«5«o^      '*^«5«oiO      o»oDaooiO      tHOOOioo      o 
cffHrHi-Tr-i     «ei"ofiN?i     cfcfoTofcf     cfcfofeocf     corocfoooo     ec 


mm  nmn  mm  m^i  liiii  ii§ii  i 

awi^i^'oocT    00  t^t*  r-^r-""     oooi-To     ooTi-^^o     w^r^r-S^aS     cfiocfwef    go 

5  1-t  i-i  IH  1-t  i-t        rH        fHi-I^        r-Ji-ii-ti-l  ^^  ^-1  rH  iH  vH        CJ 


00»0(0 


8S2^S  522SS8  SSSaS  32S8S  3 

■^^^■^•^      •^'fl"'^'^'*      ^■^■^^w      '^'^■^^■^      oi 


il 


5 


^S8S88 

^  fi<l  1-4  c«  oi  oJ 


SSSS8 


S33S8  SSSSS  SSSSS  S3S3S  8 

r-ioioii-Jci     oioicsoiei     c4c>i<n54c«<     cicicioicJ     to 


-5  ^'  e4  cs  ci  CI 


8S&33 

ei  CI  c4  ci  c4 


SSSgS  SSS^^    SSS3^    SS^SS  S 

cicicicic^     cicicicici     cicicici^     cicicJcicJ     c6 


^SoS^S    SoSSS    ^^o8>S 


■ClC'JMCIi-tCI       ddCICICI       iHi-tClr-li- 


ooSSo  o88$S  oSSSS  S 

cicicicic*     cJciciiHC*     ciciciiHci     « 


1^ 


O 


55 


OS 

o 

Q 


g 
0Q 


5 


5  5 


CEMENT.       SET  IK   AIB   AND  IN   WATEB. 


481 


•S's 


I  I  i 

c*?    c<     c< 


§i  iipi  ii§s§  §§i§§  §g§si  §§!§!  ^iii^  %  g  ggggi 

HfHfH     cfcicicfc^    ofeiwcirH     i-TcJ'el'M'oi"     cfcFcicicf     ci     of 


OOOO       f-t  ri  »-l  F-i  ^       .HrHrHf 


§§ 

SS3 

!§§§§  i§§li 

§§§§§  §§§§!  §§§§§  §ii§§  1  § 

oo*oo"<»«*oo     (JDoToToooo     r'.'o'ooJ'ar    ooToo'o*     gj"    wj 

3,810 
3,250 
2,830 
8.160 
2,600 

4.18 
4.12 
4.06 
4.12 
4.16 

8SS$S 

4.00 
4.14 
4.22 
4.06 
4.12 

4.13 
4.26 
4.18 
4.16 
4.18 

cj  oi  1-4  r-i  e4 

1.98 
1.95 
2.04 
2.04 
2.01 

88SSS 

8SSSS 

33SSS 

8 

CO 

2.01 
2.03 
2.06 
2.03 
2.08 

c4cJe4oicl 

8S588 

c4  c4  ci  e4  C4 

8SS8S 

cicicicici 

8 

eo 

8 

CO 

SSS88 

SS  3SSS8  3885^3  S8SS8  SS838  SSSS8  88888  S  S  SgSSS 

«oeo     oii-irH^ici     cic494iHoi     i-icJcJeici     iHCJc4e4oi     r-IciclcJeJ     e4e4c4e4c4     ei     eo     e4c«fHfHc4 


^ 

•     •       CO     •     • 

S  :  i 

:  :   •  :  : 

is   iiiii 

e* 

i   **  i  i 

!!'*!! 

i  i   SS  : 

"*  i  i 

:  :   S  :  i 

\  I    "^  '  i 

•    •     g     th     r*    1    j    J    I 

00 

:   to  !  * 

si: 

ii   si: 

:  I   <o    <o     :  :  :  :  I 

11  a  s  iiiii 

■       rH     J     1 

•     1       rH     ;     • 

J  J    fH  J 

tH     •     • 

•     •       rH     '     '< 

I  '    "^  •  ' 

•  •   f-i    i-»   M  •  J  ;  I 

1 

\       ^     ',     ', 

HI! 

•     J       fH     j 

w4     '     '» 

I     1       rH     J     I 

J     J       iH     •     • 

',  I   ^ 

*" 

iH      J     •     •     • 

&   &       &       &       & 


&  .      a  a  s 


a 
-a 

I 

o 
o 

5 


i 


^ 
m 


g 


o 
o 


H 

I 


S 


i 

1 

1 

1 

g 

^ 

i 

§ 

4i 

tmnn  nam  mn  mm  ntm  ^sjjss 

1 

|is§§g  iggii  !§§§!  iiiii  i§ii§  giigi 

|pr«*cipln        ^'»cf.-i'«        ^WW^*       «nV«W        ^^-5'-S-lie        -^-HrHrJ-^ 

iii 

|?:sssa  a^SJi3  ^ssss  rss^^  H^g^s  bb^^b 

I^^^^W     ^^«^^      ^^^^^     ^<^^««     ^.r^^^      -^^^^^ 

1 

.ggggg    Sg8S8    S5SS@    SSSSS    gS&Sg    SS3SS 

|w^>iei««     wclwcJ«     «cJc^d«     c^pldci^     ?i>irJciDi     ^?ic4ciiri 

gSSSSS    g33£S    83S£S    SSSSS    8S8S3    SSESSS 

^«>4»«4'd       1fJ^7ld«J       d^>^tNd        «»&r(rJrH        M«CJ«»       ^d^^C^ 

ffl 

^ssiss  sssaa  ^BBQS  ^bsss  sssss  s^iss 

|of«^'«^-     ^si^^M     ««cic4?i     ffioJwcJ^     eipide^sJ     ^ri-Jdirl 

i 

1 

r 

^ 

s 

i 

f 

.  * 

CM 

s 

I-* 

f- 

1 

■d 

4 

1 

n 

« 

M 

e* 

« 

ffl 

ii 

'^ 

irt 

»-i 

iHf 

tH 

<5 

1 

5 

^ 

S 

i 

CEMENT,       SET   IN    AIB  AND   IN    WATEB. 


433 


'OS 
1-9 
^1 


MMs 

Mlji  MMs  MM§ 

1 1 1  ii  M 1  Is  M 1  jS  8 

'-*-> 

i^ 

1111- 

sgiss 

§gi§i  §i§§i  iissi 

512 
613 
809 
674 
616 

929 
888 
942 
1,010 
685 

1,010 
959 
962 
911 
908 

921 

§i 

siisi 

1,430 
1,160 
1,440 
1.010 
1,020 

1,800 
2,200 
1.980 
2,100 
2.060 

1.900 
2.000 
1.920 
1,980 
1.900 

2,400 
2.600 
2,200 
2,900 
2.800 

§§!§§  §!§§§  §§§!§  § 

cfcviwofcT     oo-QoaooT*     »«»«»     ^" 

7,000 
6,620 
6,700 
7,170 
7.400 

4.12 
4.16 
8.94 
4.08 
4.10 

SSSS8    S88S2S    SSSSS 

^<«S^^^     ^'eo^^'^     ^"W^^^ 

S8S28    ;58aS5gl    «S5SI5SIS    $ 

^^'.ti'vfaj      O»0>O»O>o!      OkOiokOioi      i6 

8S 

1.98 
2.01 
1.98 
1.99 
1.99 

8S8S8    SS888    888S3 

cicJCJoicJ       cir^C^Mci       e>ioiC4CJ(N 

8S8S8    3S8&3    S88;38    8 

CJdciiNOi       mCOMMCC       MCOMmM       M 

2.01 
2.04 
1.95 
1.99 
1.96 

SBS88  ^888S  SS^&S    S88S8  88S^8  888S8  S8&S8  8  88  88SSS 

oioifHoicJ     c4e4c4oic4     oidc^ciej     cie<i94Cvir-i     c<4clcle4*-i     McdMooeo     MeocoeooQ     -qi     ^-^     e4c4cicici 


SSSSSS  8SSSg  SS8S3  8SSSS  8S3S8  S8SS8  gSS8g  &  88  888g& 

rHe^fHoicI     e4cir-4e4e<i     T-idcicJci     c«  ci .-« ci  •-«     cicicJeJci     coeoeoeoeo     ooeoeoeoGO     -^     ■^'i^     dcifHCJ^H 


«e  1   I 

••si: 

•  :  s  i  i 

:  i  :    S  :  ! 

A            !    ! 

•H    •    j 

i  i   a  :  : 

It      '^    •    I 

i  :   s:  i  : 

',   I     •-•    J    • 

j  :   S  i 

i  i  i    ^  i  i 

:  :   8    ^      ^  : 

CO  :  : 

',   I     eo    •    •' 

:i  si; 

:  :    eo  : 

:  :  :   co  •  • 

ii:  sii 

63.3 
63.3 

25.8 

«o  : 

•    1      00    •    I 

i  i   **  i  i 

I  ■    «  1  ■ 

i  i    **  i  i 

•     •       00     j 

1    •    •     eo    J    1 

ii^     ii 

•  *  • 

:    1     eo     CO           1   I 

^  *  I 

i  i   '^  i  i 

•  •   "^  I  • 

;    J      *-i    J    ] 

J    J     tH    •    • 

i  '    "^1 

.  T. 

n     ^i 

i 

i 

i 

i 

i 

i 

i 

& 

& 

i 

H.  Doc.  335 28 


82 


4»4 


CKMKm'.       SET   IM   AIR  AND  IN    MTJlTJBX^ 


n 


n 


i? 


i  i 


III 


i  I     :     •    I 


i'^f^lt  ISIIS  mil  ilili  IflB^  BMi 

f '^  •*"•-' ^     ^'c^^^C^C-^     jicscsMTj*     s»c*9ks«s«      saes^'s'^e       — -^- 


J{^>!^$^      v>'V'£'5      'S'SS'SiK       5mSx«       «caK^S«K         sr  SK  ^ 


^<^<<^    ^>>?!i    >^3^$i^    5^555    ==S^5^     — SB^ 


J  ^  >'  ^  ?  ?    c  5^  V  ^^  c    5  c  £  £  5    jj:  ^jrj    ?53:^2     5  »"s    ii 


CEMENT.       SET  IK   AIB  AND   IN    WATEB. 


435 


1 


i§  §§i§3  psii  si§§§  iiis§  %ii%^  §i§i§  §i  ig  siiii 

f-TiH    f-TiH    rHi-rfHiHr-j"   ,H.-rf-rT-rrH    f-i'.-rr4'.-r»-4    cfofwcfcf   tHin    cTw 


=  -t^e>i      •-•»-« 


§§§§1  !§§§§  §§§§§  §§§§§  §§§§§ 

.4rw^~<«r    o.o-tfTio.o'    adaTt-'-adt-''    <oV-<o««     oToooTo 

18,200 
13,700 

27,400 
28,800 

1,710 
1,400 
1,710 
1,610 
1,550 

4.14 
4.04 
4.14 
4.10 
4.06 

4.08 
4.14 
4.06 
4.16 
4.14 

sags;? 

4.16 
4.12 
4.20 
4.24 
4.26 

8S 

9;s 

aidi 

ssass 

2.01 
1.99 
1.98 
2.00 
1.98 

SSg88 

CJC4MMM 

SSS88 

S8SSS 

cic4(Ncic4 

S8SS8 

2.06 
2.06 
2.08 
2.07 
2.12 

S8 

00  CO 

1.98 
1.98 
2.00 
2.00 
2.04 

8SS88 

S88;:lS 

2.06 
2.06 
2.02 
2.05 
2.02 

888S8 

0i<NC4<Nc4 

38338 

2.02 
2.00 
2,02 
2.05 
2.01 

eooQ 

88 

888g8 

38  S;38S8  SSS8g  S88S8  8SSgg  8SS88  88388  S8  33  88888 

•4i<4i     .-4cle4iHcl     cicJeJ^d     rJcJrscicS     e4iHeic>ic«     cif-irHcici     cicicJi-icJ     eoeo     moq     T-4cic4c4C4 


S  :     :  ; 

•o 

s 

3 

3 

r^    ;      «    ; 

^ 

u 

r-t 

s 

rH 

- 

- 

- 

3 

*^ 

lO 

- 

- 

25.8 
32.0 

o 

u 

o 

u 

O 

Si 

o 

O 

o 

o 

u 

o 

5 

'   '     ^   ', 

. : 

IH 

- 

- 

F-l 

- 

- 

iH 

- 

- 

•H 

- 

- 

- 

•^ 

•^ 

111 

fH 

pH 

•^ 

•^ 

as       2       2       a       &       i       i   &   i 


434 


CEMEirr.       SET  IN   AIB  AND   IN    WATEB. 


1 

§ 


O 


00 

O 
O 


I 

s 


55 
O 


04 

8 


1 

e 

s 

S 

1 

\ \<^  \\ 

ill 

i  is     '. 

ii 

^11 

lliiii  iiiig  igigi  !§§!§  Si§§i  §§i  if§  § 

icffHrHfHrH     cicicfefT-T     cfcfefefcf    cicfcfcfef    coeocico'co     r-rr-rrJ"    eoooeo      th 

i 

8,600 
7,690 
7,160 
7,460 
8,220 

8,400 
9,450 
8,800 
8,700 
6.900 

11.800 
11,900 
12,600 
11,600 
11,900 

9,600 
10,200 
10,800 

9,050 
10,100 

13,200 
12,700 
18,000 
12,900 
18,100 

18,800 
18,600 
18,200 

38,200 
83,100 
32,900 

80,400 

ill 

lasass  S8SS8  ssasis  ssssg  sasss  SS?J  ss^   s 

^•^J^-W""*"*     '^^"*'^'*     •*"*'^"*'^     ■^'^'^'^'^     '^'*'*^''^     ^dd     oaokok      to 

a 
1 

5 

i 
1 

.^sssss  ss^ss  sssss  SS8SS  s;^gs^  S8g  ;:^s  s 

«pSS&8S    SSSS8    SSSSS    S8S&S    88S88    888    888    8 

^<NCi««<N       ^c4ci(Nel       Ciciciwoi       rJe^cirHr^       oiwdcici       M»»       COMOO       ^• 

1 

s8S88S    ^8888    88888    SSSSS    8SSS8    88S    8SS    K 

.§r4cic4(N9i     ^c4CJc4rH     ,4cJM'cir4     r^'rH'^eJpi     cicJeicict     o»eoeo     c6i4ci     eo 

i 

-< 

1 

•0*® 

S  : 

8  : 

8  : 

•^ 

f 

«      • 

*^  I 

8 

tH     • 

8 

•^   ; 

:   S 

i 

o 

1 

F 

00      • 

^  i 

00      • 

a; 

:-i- 

00 

00     • 

8  i 

XI 

a 

00    .* 

8i 

'.        Of 

1 

if    1 

S5  : 

1  i 

ss  : 

i 

Ii 

55  : 

1 

1 

:   ! 

a 

o 
o 

s 

1 

j 

i 

i 

& 

i 

i 

1 

i 

C£M£NT.       SET   IN   AIB   AKD   IN    WATEB. 


435 


11  §ii§s  gisis  i§§i§  iiii§  §§gi§  liiis  nn  ii  siiii 


eCcf    i-r»H 


i^F-T      r^tH       rHiHi-rtHf-r      ,.^rH  iH^i-TrH       iHfHrHrJ'tH       cfcfcfw'w       »HfH       e<fc«f 


42,800 
48,400 

4,240 
4,410 
8,830 
8.610 
8,820 

§§§§g  !§§§§  §§§§§  §§§§§  §§§§§ 

^-V*VW    ^^*o»d^    oowtCoot--    «V®-«o®-    •oooTg" 

18,200 
18,700 

27,400 
28,800 

1,710 
1,400 
1,710 
1,610 
1,660 

16.88 
16.52 

4.14 
4.04 
4.14 
4.10 
4.06 

4.10 
4.14 
4.20 
4.36 
4.10 

4.06 
4.14 
4.06 
4.16 
4.14 

4.18 
4.22 
4.20 
4.10 
4.14 

4.16 
4.12 
4.20 
4.24 
4.26 

9S 
oSoS 

4.08 
4.06 
4.18 
4.14 
4.20 

SS    SSS8S 

ggS8g 

c4cJcie>ieJ 

SSgS8 

S83gS 

cicloicioi 

^8SS8 

8885S 

d<NOi<N<N 

S8 

eoeS 

coco 

88888 

rHr-4  OJCJC* 

Sg    88888 

S8SSS 

88S8S 

888SS 

888^8 

2.02 
2.00 
2.02 
2.06 
2.01 

8^ 

eooo 

88 

888g8 

'Nc4e4cie4 

88  ^8888  SS88g  888S8  88336  88888  88388  S8  83  88888 

•*-*     i-ic«c4i-4e4     deJoirHc*     rHCJi-idci     ciiHCJe4cl     diHr-ictoi     ciddrHoi     co«     coco     rJcidclei 


8 

lO 

SS 

s 

3 

1-1 

(O 

"^ 

ss 

vH 

8 

fH 

8 

fH 

lO 

- 

o 

o 

o 

© 

o 

O 

Si 

o 

1^ 

O 

o 

- 

- 

fH 

r-i 

fH 

fH 

fH 

fH 

^ 

<N 

1 

fH 

*^ 

fH 

1H 

•"• 

•^ 

fH 

&   &       &       i       a       i       i       i   i   i 


436 


CEMENT.       SET   IN   AIR  AND   IN   WATEB. 


I 

a 


t 


o 


5 
g 

00 

3 

00 


o 


H 

o 


I 


n 
5 


I 


o 


I 


^P 


liisii  §g§si  §§s§3  i§gE§  §§§i§  gg§§ 


ipsii  iiiii  iiiig  lip.i  siiii  ii§i 

a  iHrH  iH"f-*"iH     cfcieoc^cf     eo««cooo     Vcooiooco     VioVioeo     t^i^^oooT 


III 


i 
1 


I 


i 

I 


1 


I 


I 


J3 


3SS8S    3E3SSS    ?23SS5S    $:;^!!$S    S3«? 


S3353    S3IS5S    S3SSS    &SiSSS    SgSS 


^8^SS  3SSSS  SSSSS  SSSSg  83S8 

e>ic^eicici     cicJcioici     cJcJr-icJcJ     ciNi-ioiet     eoeoeoeo 


s88888 


gSSSS  SSSS8S  S8SS3  SS838  &3S3 

cicJcicici     c4tHi-icie>«     t-4c<c4c4cI     ripic«c>iri     eoooeoeo 


CEMENT.       SET   IN   AIR  AND   IN    WATER. 


437 


i  ;  i  :  ii 


^iiiii  iiii  §ii§  saiss  sshsi  mm^  un^m  mn$^  iiis 


^Miii  i%$^  §!§§  m%m  !§§§§  §1111  iii§§  nmn  §§§!§ 


HrHiH        C4CMCiC4 


tH       CIC4C>IC4C4 


i^ssss^- 

gssss 

?:$88 

aS8S8 

assss 

?;s8ss 

ssssa 

SSS2S 

TP'^CICJ^ 

o»o»o»»»a» 

SSISS 

■^•T"^'^^ 

^MM^^' 

^^^^'^ 

^^•.,:^-^- 

■^^^iqi^ 

83SS&8 

co^Jeceocom 

4.04 
3.99 
3.96 
4.03 

4.00 
4.00 
4.01 
4.00 

8$33S 

88SS8 

2.08 
1.99 
1.97 
2.01 
2.02 

SSS5S 

6S888 

6S8&& 

ci  c4  c4  ci  CI 

338586 

eoeocoeoTOoQ 

4.04 
4.06 
4.03 
3.99 

4.06 
4.10 
3.99 
4.00 

8SS88 

2.00 
1.90 
1.94 
2.01 
2.08 

388S8 

2.06 
2.10 
2.08 
2.06 
2,12 

S858S 

.H  C4  C>J  04  C< 

2.00 
1.99 
2.08 
1.99 
2.00 

38SS85  SS^S  5S8&  S8S58  888^5  88SSS  35S88  S&8S;8  5S88S 

W5OCOWCO00     eioici'^     ■^oqV'^     i-!i-Hf-!cic4     c^c^wi-ic^     cie«irHci.-J     e4clr4clc4     cJoiclfHci     wcic^ciri 


:- 

_ 

5 

0 

CI 

- 

eo 

S 

- 

- 

§ 

0 

CO 

- 

-i 

8 

0 

z 

CI 

0 
so 



r-t 
CO 

0 

- 

- 

0 

- 

' 

^ 

s         s      s      5 


438 


CEIIEKT.       SET  IN   AIR   AND   IN   WATER. 


PS 


5 
§ 
PS 

B 
& 

00 

00 

g 

a 

P< 
OC! 

O 


H 
O 

s 

O 


5 


CO 

H 

O 


I 


I 


1 


-i§§i§  sill  gg§i§  igggi  isiis  liggi  ii§§§ 


|iii§  liii  ii§§i  iiiii  isiis  iiiii  iiiis 


IS5S55    S853§g§    S23SS8    ^852:5:^    8SSSS    SSSSS    SSSSS 

^otoioiok     o!o»oao»     <o«diO«fto     t6«o(o«dio     «if'^'^'^^     <<r«r-^^^     '^•^^'^^ 

J 


be 


08 


c 


"I 


^S8SS  8SSS  S8SSS  SSSSS  SSSS8  SSSSS  SSSSS 

.«cQ«ec«     cceoeooo     ^^^^jJ-^r      -f-^-^rfvi     c4i-ic4c4c>l     cic4c«ic4c^     oic4c4cir-4 


{SS88    SSS8    ^S&SS    8SS8^    SSSSS    SSSSS    SS8SS 

sooeoeoeo      eocoeoeo     eo-^ec-^ec     ■^eoec^jJeo      cicJc^ieici      c4wc4e4w      cic^cicJc^ 


^s^^^  ^^B^  s^b^s  ^bsss  ^^ssz  sssss  ss^ss 


§ 
JC 


c 


« 


5      s 


11 

52i 


a  a 


CEMENT*      SET  IN   A  IB   AND   IN   WATER. 


439 


"3 

'S 

a 

c 

1 

R 

i 

5 

'^a 

00  u 

"SS 

•oS 

s« 

003 

2^ 

*^ 

gc 

^1 

•si 

d-^ 

0"^ 

&I 

^i 

•o* 

•OCJ 

1-^^ 

M_^ 

i  i  § 


i§  iiiii  iiiii  iiii  liii  i§  |i  §  i  mm  i§sii 


6,000 
6,100 
5,600 
6,700 
6,910 

7,100 
6,740 
5,700 
6,050 
5,400 

6,900 
9,600 
8,200 
9,800 
7,600 

12,900 
11,900 
12,400 
14,100 

24,800 
21,800 
23,600 
24,600 

24,800 
20,100 

37,600 
38,600 

46,700 

^" 

§§!§§ 

10,900 
9,200 
9,100 
9,400 
9,Co0 

4.12 
,    4.26 
4.31 
4.18 
4.20 

9.52 
9.80 
9.49 
9.64 

9.64 
9.55 
9.58 
9.70 

iH  r^ 

^ 
^ 

S5 

4.20 
4.16 
4.16 
4.14 
4.28 

8SSSS 

c«cJ  oleics 

3.11 
3.10 
8.10 
3.17 

3.14 
8.11 
3.14 
3.15 

ss 
^•^• 

2 
« 

S8SSS 

S8S83 

CI  ei  e4  c4  (N 

o«  ?!  c^  e4  ci 

sssss 

C4  04  9104  04 

3.06 
3.0Q 
3.06 
3.01 

3.07 
3.07 
3.05 
3.08 

3 

8 

CO 

S8SS8 

<NCJC4<N(N 

88885 

wcioi<No4 

S8S3S  8S8S8  88888  888S  S88S  8&  8S  S;  8  8S883  S8888 

e<icJcJc4c4     C4c4c4c4ci     eiiHC^woi     coeoeoeo     eocoooeo     -^oo     ^^'^     *n     <o     c«j  c4  c*  e«i  e>i     oie4M"c4eJ 


^ 

8? 

Si 

- 

s 

Si 

-:-: 

" 

s 

"^ 

- 

8 

— 

CO 

8 

to 

8    "    g 

•O         <0         «0 

S    So"    £5 

«o 

- 

- 

«o 
J5 

- 

- 

- 

5« 

>5 

1 

55 

1 

i 

Neat. 
Neat. 
Neat. 

1 

i       &       a       ass<§aaa       a 


440 


CEMENT.       SET   IN   AIB   AND   IN  .WATEB. 


I 
g 


< 


52; 
o 

Q 

5z; 

< 

5 


(J 

OQ 
O 


^ 


o 


o 


-ii§§§§  §iggi  §§§§§  siiii  iisii  iiisg 


HtHt-ti-t    rH  1-1  rH  i-i  1-t    rH  C4  M  r-4  M    iH  CI  C4  W  CM 


^ 
T? 


5 


2     I 


^iSiii  ii§g§  g§§i§  §i§§i  iii§§  i§§i§ 


5coeooo«« 

cfc^'eccMcf 

«o"o''«o«r'if 

lOiOiOjo'iO 

ooooTrTod 

t-"ooo»o 

If  1"  -^  ^  ■^ 

eo  xiJ  "*  -^  ■* 

■^^•^'fl' CO 

CO '<«* -vr  CO  CO 

88S8S 

SS8S& 

(NcicicicM 

8S888 

r^'cSCMCMPJ 

2,01 
2.00 
1.99 
2.06 
1.98 

88888 

CM  c4  CM  f-i  CM 

2.01 
2.00 
2.01 
2.00 
2.04 

^38888 

•C  CM  C4  CM*  CM  CM 

3 


88S88 

rHCieicMCM 


CM  CM  CM  e4  CM 


88^88  88888  8S888 

CMCMCM.-4rH       .-4C4CMi-ir4       CM-lCMCMCM 


IS 


CM  CM  iH  CM  1-1 


08800 
CM  CM*  1-i  CM  CM 


88888  ^8888  8888& 

CMCMCMrHCM       ,H  CM  i-J  r4  i-i       CM  CM  CM  T-i  CM 


1^ 


55 
O 


Ph 


CEMENT.       SET  IN   AIR   AND  IN   WATEE. 


441 


^ 

^ 

a 

a 

t 

1 

•oS 

00  M 

H 

H 

|5 

§5 

n 

P,T. 

21 

cat 

\^i 

4-3 

•S'S 

iiis  i 

iiii 

is 

ig  ! 

iiil  i 

iiii  i 

iiii  i 

iiii  i 

iii» 

.      .     .C4           • 

i  i  '."^ 

jof 

icf     : 

1  j  jw     : 

\\  \cf    : 

I  ;  j*^ 

crcre«fi-i"csr 


n  iiil  §g  i§  §§§!§  §gii§ 


muu  §g§i§  ifgii 


18,900 
19,800 
19.100 
17,600 
19,700 

1 

§§§§    §§    §§    §§g§§    §§§§§ 

glliS  §§il§  §!§§§ 

eicfc^'cfei    wcfcforM-    ^'^"-fVift 

S888^ 

2 

9.24 
9.21 
9.27 
9.12 

8S8SS 

4.10 
4.18 
4.18 
4.06 
4.14 

4.12 
4.10 
4.28 
8.92 
4.06 

4.06 
4.18 
4.10 
4.16 
4.14 

S8S8S 

8.01 
2.99 
2.99 
8.00 
3.00 

3 

CO 

8.00 
2.97 
3.07 
2.99 

SSS 

COM 

e6» 

2.00 
2.03 
2.00 
2.01 
2.01 

2.02 
2.05 
2.01 
2.01 
2.08 

SS88S 

e4c4Clr^(N 

8S888 

38858 

33^83 

s 

8.06 
8.10 
8.02 
8.06 

^8 

88 

S8S88 

8SS83 

38888 

8B883 

oiddcJcJ 

2.06 
2.06 
2.08 
2.02 
2.01 

8888S 

eoMCOnm 

8 

3.02 
3.02 
3.04 
8.04 

88 

88 

1.99 
1.98 
1.98 
2.04 
1.97 

SS8S8 

3S8B3 

5838S 

cie4cJd(N 

88823 

3 

S3 

S 

- 

- 

§ 

- 

- 

- 

o 

S 

M       -^ 

8 

•^ 

t-i 

r^ 

!-• 

3 

4 

9 

to 

- 

- 

- 

o 

o 

o 

ft 

- 

-: 

1 

i 

i 

4J 

1 

•^ 

fH 

•^ 

i       i        &   i   &       i       i       i 


442 


CEMENT.       SET   IN    AIR   AND   IN    WATKR. 


n 

O 


% 
^ 


CO 

O 
» 
H 

H 
O 

E 
W 

C 


^11 


m^M  iiiig  i§gis  sii  iiii 


^^3 


liiiii  ii§ii  iiiii  i§i  liii 

seo'V'ir^w     »oi>ioioio     «o;or>^t>r«     icicci"     co^oi-iC 


183382  8S8SS  88233  SSS  RSSS 


«• 


^SSSSS  SSS8S  SSS33  33;1  S3SS 


•^  i-i  csi  ci  c*  ci     c>*iHc4c^ci      c*c>ic4cici     oocoeo     coeoeom 


«S^Sgg    S88S8    SSSSS    SS£    

.<  04  i-i  c4  C4  c^     c4c4c4c^c>4      c4C49ioici     ooecoo     ooaoeoco 


O 


O 


iS 


g 


5      i 


CEMENT.       SET   IN   AIR   AND   IN   WATER. 


443 


Cement  and  Mortar  Cubes. 

Summary  of  results  on  2-inch  cubes.     One-half  of  each  batch  set  in 
air,  one-half  in  water. 

(Specimens  set  in  water  were  set  the  first  day  after  mixing  in  air.) 


CompONition. 


Brand. 


I  Cement.      Sand. 

I 


Atlat). 


Lehigh ;     Neat. 


Po. 


I 


Do. 


Do. 


Do. 


Newark  and  Ronendalc I     Neat. 


I. 


Obelisk  . 


Neat. 


Do. 


Water. 


Age. 


Set  In  air, 

per 

square 

inch. 


Per  ceni. 
82.0 


34.0 


32.0 


58.0 


»7.6 


40.5 


42.0 


1  week 

1  month 

8  months . . , 


27.0 


1  month  . . . , 
3  month.«) . . . 


I  1  month 

3  months... 


Peninsular.          

Neat. 

25.5 

Do 

^ 

1 

34.2 

Do 

^ 

2 

48.1 

Do 

1 

4 

87.0 

Cathedral 

Neat. 

28.8 

Do 

1 

1 

36.6 

"i 

Do 

1 

2 

;                                1 

Do    

1 

:} 

63.8 



Silica 

Neat. 

25.8 



1  week 

1  month 

3  months... 


1  week 

1  month 

3  mouths... 


1  week... 
1  month . 


1  week , 

1  month 


1  week 

1  month 

3  monthH . . . 


1  week 

1  month  . . . . 
3  months  . . . 


1  week 

1  month 

3  months  . . , 


1  week , 

1  month 

3 months  ... 


Iweek 

1  month 

3  months  . . . 


6  days 

1  month 

3  mouths  . . . 


5  days 

1  month 

3  mouths... 

4  days I 

1  month 

3  months ...  I 


Mean  compressive 
strength. 


Pounds. 
2.540 
3.010 
3,390 

4,540 
4,480 

2,510 
2,580 

4,970 
6,140 
6.080 

2,850 
3,400 
3,410 

1,870 
1,490 

473 


2,060 
2,690 
2,840 

1,850 
2,140 
2, 190 

718 
816 
851 

335 
488 


1,670 
2,07(» 
2,420 

942 
1,460 
1,610 


424 
850 

130 
219 
306 


1  week 

39  days 1, 


3  months . . . 
6  months... 

6da.vs 

38  days 

3  months  .. 
6  months... 


1  week  . . . . 

85  days 

3  months.. 


Set  in 

water.pcr 

square 

inch. 


Pounds. 
2,580 
3,470 
4,650 

6,400 
6,650 

3,970 
4,970 

6,260 
8,870 
9,560 

2,880 
4,680 


499 


1,490 
1.960 

878 
1,480 
1,960 
2,460 

670 
1,140 
1,880 


1,440 
2,760 

567 
960 

1.900 
2,600 
3,200 

al,340 

n2,130 

2,410 

6725 

bl,060 

1,320 

•297 
472 
625 

1,880 
2,830 
3,110 

1,090 
1.920 
2.340 

424 

708 
1,120 

132 

.  360 

671 

379 
1,490 
2,000 
2,280 


1,360 
2,240 
2,570 


1,620 


14  days  in  air. 


b2da>'smair. 
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Cement  Cubes. 


Material  set  in  air  or  in  water  followed  by  different  periods  of  exDO- 
sure  under  reversed  conditions. 


FIRST   SERIES. 

Two  batches  of  cubes  were  made  for  this  series  of  tests.  The  spec- 
imens of  one  batch  were  set  in  air  initial  periods  of  time,  from  one 
week  to  three  months,  after  which  they  were  placed  in  water,  where 
they  remained  until  the  time  of  testing. 

In  the  other  batch  the  conditions  were  reversed  and  an  initial  period 
in  water  was  followed  by  a  period  in  air.  Also  specimens  from  each 
batch  set  the  full  time  in  air  and  m  water. 

Tests  were  made  when  the  material  was  four  months  old. 

TESTS  OP  CUBES  SET  IN  AIR,  AND  THOSE  SET  IN  AIR  FOLLOWED  BY  AN  INTERVAL  IN 

WATER. 

Marks,  i^^  J.  23. 

Composition,  Star  cement,  without  plaster,  neat. 

Water  used  in  gauging,  24.8  per  cent  of  cement. 


Age  In- 

- 

iter. 

DimensioiLs. 

Sec- 
tional 
area. 

Sq.  in. 
4.08 
4.12 
4.02 
4.12 
4.16 

4.06 
4.14 
4.16 
3.94 
4.06 

4.18 
4.00 
4.00 
4.08 
4.14 

4.04 
4.10 
4.18 
4.22 

CompreMlve  strength. 

Air. 

W« 

^           Com- 
i*         pressed 
Si         surface. 

*     1 

Total. 

Pounds. 
11,570 
13,580 
11,800 
11.400 
12,900 

13,500 
12,790 
12.300 
12,970 
12,960 

13,650 
14.030 
12,000 
13.800 
14,350 

16,500 
18.360 
13,400 
14  320 

Per 
square    Mean, 
inch.   1 

ifoa. 

1 
Wk8.  Days. 

M09. 

Wk*. 

Ins. 
2.06 
2.05 
2.01 
2.02 
2.04 

2.01 
2.03 
2.03 
1.99 
2.03 

2.00 
2.00 
2.00 
2.00 

Ins. 
2.01 
2.01 
2.01 
2.03 
2.05 

1.99 
2.03 
2.03 
1.97 
1.99 

2.03 
2.01 
2.00 
2.02 

Ins. 
2.03 
2.05 
2.00 
2.03 
2.03 

2.04 
2.04 
2.06 
2.00 
2.04 

2.06 
1.99 
2.00 
2  02 

1              1 

Pounds.  Pounds) 

2,840    .      .     .1 

3.300    

2,940    

2,770    

3,100  1    2,990 

3,330  1 

8,090  i 

2,960    

1 

, 

1 

2 

1 

1 

8,290    1 

1 

1 

3,180       3,170 

3,270    

3,510    

3,000    

3.380    

3,450       3,320 

4,080    

4,480    

8,210    

3,390    

8,760  .    3,780 

8,820  ; 

3,490    

3,150    

4,120  1 

3 

, 



1 

( 

■ 

2.05 
2.00 

2.01  1  2.06 

3  1        2 

2.00 
2.02 
2.09 
2.a5 
2.05 

1.97 

2.02 
2.03 
2  00 
2.06 
2.04 

2. 02 

2.02 
2.04 
2.00 
2.00 

1.99 
2.01 
2.05 
2.04 
2.04 

2.01 
2.00 

1 

1 

4.18  1  16,700 

3.98  i  15,200 
3.92  '  18,700 
4. 10  1  12, 900 
4.10  1  16.900 
4.14  ;  14.600 

4.08  1  16,300 
8  98     14,100 
3.W     11,800 
4.08     11.200 

2 

1            1 

1 

1.94  1  2.02 
2.02  1  2.08 

2.02  '  2.03 

2.03  ,  2.04 

2.00  j  2.04 
9  no  .  l.Q« 

3,530       3,620 

3 

4,000 , ; 

3,540  , 

2,990    ' 

'l.im  : 



2.06  .  1.96  1  2.02 
2.01     2.03     2.01 
2.06     2.08     2.03 

,              ' 

••""I 

4  12  .  16,600  1     3,790  ;     3,410  | 

4.06     16,000  1     3,940    \ 

3.9i>  1  13,200  1     3,aS0    , 

4.14     17.100  .    4.  la)   ; 

4 

1 

2.03  2.02 

2.04  1.91 
2  00     2.a5 
2.00     1.99 
2.02     2.02 

2.01 
2.04 
2.02 
2.02 
2.02 

1              , 



4.02 
4.08 

17,500'     4.350    

18.200        4  4H0  1     4  OnO  i 

1 1 

I              1 

1 

1 
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Agein- 

DlmenslonB. 

Sec- 
tional 
area. 

Comprenive  strength. 

Remarks. 

Alr. 

Water. 

1 

Com- 
prened 
surface. 

Total. 

Per 
square 
inch. 

Mean. 

Jfos. 

W'ks. 

Days. 

Mos. 
4 

W'ks, 

Ins. 
2.02 
2,00 
2.08 
2.08 
2.01 

2.00 
2.02 
2.02 
2.00 
2.02 

2.02 
2.02 
2.04 
2.06 
2.02 

2.04 
2.07 
2.08 
2.01 
2.00 

2.08 
2.01 
2.05 
1.96 
2.04 

2.02 
2.02 
2.00 
2.06 
2.01 

2.04 
2.02 
1.96 
2.06 
2,01 

8.07 
8.00 
3.00 
3.03 

Ins. 
2.06 
2.04 
2.06 
2.04 
2.03 

1.98 
2.06 
2.02 
1.99 
2.04 

2.03 
2.04 
2.08 
2.03 
2.00 

2.01 
2.01 
2.01 
1.99 
2.07 

2.04 
2.04 
2.01 
2.00 
2.03 

2.06 
2.00 
1.97 
2.08 
1.99 

2.00 
2.04 
2.05 
2.08 
2.04 

8.00 
8.06 
8.06 
3.00 

Ins. 
2.00 
2.02 
2.03 
2.01 
2.00 

2.04 
2.06 
2.04 
2.02 
2.02 

2.04 
2.05 
2.00 
2.04 
1.98 

2.06 
2.07 
2.04 
2.02 
2.02 

2.04 
2.04 
2.02 
2.05 
2.00 

1.98 
2.00 
2.02 
2.01 
2.02 

2.02 
2.06 
2.01 
2.03 
2.02 

8.10 
8.07 
3.09 
3.10 

Sq.in, 
4.12 
4.12 
4.16 
4.10 
4.06 

4.04 
4.22 
4.12 
4.02 
4.12 

4.14 
4.18 
4.06 
4.14 
3.96 

4.14 
4.16 
4.10 
4.02 
4.18 

4.16 
4.16 
4.06 
4.10 
4.06 

4.08 
4.00 
8.98 
4.08 
4.02 

4.04 
4.20 
4.12 
4.12 
4.12 

9.80 
9.89 
9.42 
9.30 

Pounds. 
26,400 
26,400 
25,900 
26,400 
21,700 

22,800 
16,200 
19,700 
22,000 
19,800 

16,800 
19,900 
17,600 
23,600 
19,700 

19,900 
21,000 
19,100 
14,600 
19,900 

18,100 
19,600 
17,400 
20,300 
15,900 

17,400 
16.900 
19.800 
20,700 
18,100 

15,100 
17,200 
16,100 
18,800 
16,600 

89,400 
44,100 
41,900 
48.800 

Pounds. 
6,170 
6,410 
6,280 
6,440 
5,340 

5.640 
3.840 
4,780 
6,470 
4,810 

4,060 
4,760 
4,330 
6,700 
4,970 

4,810 
5,060 
4,660 
3,680 
4,760 

4,350 
4,690 
4,290 
4,960 
3.920 

4,260 
4,230 
4,970 
6,070 
4,600 

3,740 
4,100 
8,910 
4,660 
4,080 

4,240 
4,700 
4,460 
4,660 

Pounds. 
"6,"i26" 

"'4,'9i6' 

1 

1 

3 

8 

2 

3 

2 

1 

'  4,' 760' 

"4,686" 

'4,' 446' 

*'4,'6i6' 

"4,'676* 
*'4,'5i6" 

» 

3 

3 

1 

1 

! 

8 

2          8 

1 

1 

1 

2 

2 

1 

3 

1 

1 

","/'\ 

4 
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CEMENT.       SET   IN   AIR   AND   IN   WATEB. 


TESTS  OF  CUBES  SET  IN  WATER,  AND  THOSE  SET  IN  WATER  FOLLOWED  BY  AN  INTEB- 

VAL  IN  AIR. 


Specimens  set  the  first  day  after  gauging  in  air. 
Marks,  ^  J.  20. 

Composition,  Star  cement,  without  plaster,  neat. 
Water  used  in  gauging,  27  per  cent  of  cement. 


Age  In— 

Dimensions. 

Sec- 
tional 
area. 

Compreasiye 
strength. 

Remarks, 

Air. 

Water. 

Air. 

1 

Compressed 
surface. 

Total. 

Per 
square 

Mean. 

Days. 

Mo8. 

Wks. 

Days. 

M08. 

irfaj. 

Ins. 
1.96 

Iru. 
2.04 
2.01 
2.03 
2.05 
2.05 

2.02 

Ins. 
2.00 
1.97 
2.06 
1.99 
2.05 

2.06 
1.99 
2.02 
2.00 
1.96 

2.06 
2.01 
1.99 
2.04 
2.03 

1.94 
2.08 
2.03 
2.02 
2.00 

2.04 
2.04 
2.03 
2.04 
2.02 

2.05 
2.08 
2.04 
2.01 
2.02 

2.02 
2.02 
2.05 
2.08 
2.02 

2.02 
2.01 
2.00 
2.04 
2.01 

2.03 
2.04 
2.06 
2.08 
2.08 

2.00 
2.00 
2.01 
2.02 
2.04 

2.05 
2.03 
2.00 
2.08 
2.02 

3.96 

Lbs. 
15,000 
10.100 

Lbs. 
8,680 
2,660 
3,680 
3.060 

Lbs. 
'8,276" 

*4,"566" 

'4.626' 

'4,'966" 

'5,' 380" 

"5,'5i6' 

"3,"726' 

'6,626' 

'5*266' 

'6,'696" 

"5,"686" 

2.01 
2.00 
2.06 
1.93 

2.01 

1 

4.18     15,400 
4.08     12,500 

1 

1 1 

4.20     14,300     3,400 

4.16     18,900     4,540 
4.10  '  17.720     4.320 

1 

::t  ,  5 

2.02 

2.06 

1      1 1 

2.03  1  2.05 

4.14 

17,450  1  4,210 

i       1      1     1 

2.02     2.07 
2.00     2.02 

4.14 
3.96 

4.18 
4.04 
4.02 
4.14 
4.10 

3.96 
4.31 
4.12 
4.12 
4.04 

4.12 
4.20 
4.10 
4.14 
4.08 

4.22 
4.28 
4.14 
4.16 
4.12 

4.08 
4.06 
4.08 
4.16 
4.22 

3.92 
4.06 
4.06 
4.12 
4.10 

4.18 
4.12 
4.16 
4.20 
4.22 

4.06 
4.08 
4.08 
4.14 
4,14 

4.18 
4.08 
4.08 
4.14 
4.24 

19,400     4,690 
18,700     4.?20 

::::j::::::t:::::':::::i::::::: 

1 

9 

6 

' 

2.07 
2.00 
2.01 
2.06 
2.05 

2.06 
2.01 
2.04 
2.09 
2.00 

2.07 
2.04 
1.99 

2.04 
2.01 
2.02 
2.03 
2.02 

2.0-1 
2.06 
2.03 
2.04 
2.02 

2.02 
2.06 
2.02 
2.03 
2.02 

2.06 
2.06 
2.03 
2.07 
2.04 

2.02 
2.01 
1.99 
2.00 
2.09 

L94 
2.02 
2.03 
2.02 
2.04 

2.06 
2.02 
2.08 
2.02 
2.03 

2.03 
2.04 
2.03 
2.05 
2.03 

2.04 
2.01 
2.04 
2.(W 
2.10 

19,500 
17,200 
17,900 
19,800 
20,200 

22,500 
21,600 
19,800 
18,500 
19,200 

20,600 
24,800 
23,600 
19,900 
22,400 

20,600 
24,600 
23,000 
26,100 
21,100 

17,000 
13,100 
16,100 
17,800 
14,200 

22,600 
22,100 
21,100 
19,200 
16,700 

21,700 
20,500 
22,700 
27,400 
17,600 

22,100 
26,800 
21,700 
28,100 
26,800 

24,100 
26,400 
22,900 
22,800 
21,400 

4.670 
41260 
4,450 
4,780 
4,930 

6,680 
6,010 
4.810 
4,490 
4,750 

4,980 
5,900 
6,780 
4,810 
6,490 

4,860 
6,?20 
6,560 
6,270 
5,120 

4,170 
3,230 
3,700 
4,160 
3,360 

6,740 
5,410 
6,200 
4,660 
4,070 

6,190 
4,980 
6,460 
6,520 
4,170 

6,440 
6,670 
6,320 
6,790 
6,350 

5,770 
6,470 
5.610 
5,510 
6,050 

1 

"     "'i          !  " 

1          1 

.. 

1 

1 

3 

4 

:::::i .: 

1          1 

:::::"  :::":i :. 

1 

2 

1 

1 

2.03 
1.98 

2.05 
2.02 
2.05 
2.02 
2.00 

2.10 
2.00 
1.99 
2.03 
2.01 

2.06 
2.00 
2.00 
2.05 
2.00 

2.04 
2.00 
2.00 
2.00 
2.01 

1.99 
2,01 
2.02 
2.04 
2.03 

2.06 
2.00 
2.00 
2.02 
2.03 

1 

1 

3 

■ 

1 

1 

4  j 

1 

6 

3 

3 
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Age  in— 

Dimensions. 

Sec- 
tional 
area. 

Compressive 
strength. 

Air. 

Water. 

Air. 

1 

CJompressed 
surface. 

Total. 

Per 
square 
inch. 

Mean. 

Days. 

M09. 

2 

W'k%, 

Days. 

Mm. 
2 

W'hB. 

Jim. 
2.08 
2.00 
1.96 
2.02 
2.02 

2.03 
2.01 
2.06 
2.04 
2.02 

2.02 
2.03 
2.04 
2.04 
2.02 

3.00 
8.01 
8.07 
2.99 
S.01 

4.06 
4.09 
4.07 
4.03 

Jim. 
2.06 
2.00 
2,01 
2.06 
2.04 

2.02 
2.02 
2.02 
1.92 
2.03 

2.03 
2.00 
1.91 
2.03 
2.07 

8.08 
3.00 
8.00 
3.04 
3.01 

4.00 
3.99 
3.98 
3.  OH 

JfM. 

2.03 
2.03 
2.03 
2.01 
2.06 

2.03 
1.96 
2.08 
2.01 
2.02 

2.02 
2.04 
2.06 
2.00 
2.04 

8.06 
8.06 
8.06 
3.05 
3.08 

4.03 
4.01 
8.96 
4.05 

\1k 

4.06 
4.08 
4.14 
4.20 

4.10 
4.00 
4.20 
8.86 
4.10 

4.10 
4.06 
8.92 
4.06 
4.22 

9.33 
9.18 
9.16 
9.27 
9.12 

16.12 
16.00 
16.76 
16.12 

Lbs. 
80,600 
25,600 
21,400 
28,900 
28,600 

28,400 
28,800 
24,000 
80,200 
32,900 

23,000 
19,200 
18,300 
18,700 
28,500 

37,600 
45.300 
46,100 
44,100 
48,600 

74.700 
66,900 
70,100 
72,900 

UbB. 
7,360 
6,280 
5,260 
6,960 
6,790 

6,930 
5,890 
5,710 
7,820 
8,020 

5,610 
4,710 
4,670 
4,610 
6,670 

4,030 
4,930 
5,040 
4,760 
4,780 

4,680 
4,180 
4.460 
4,620 

Lbs. 
"6,'586" 

"6,*866" 

■5,036' 

■4,'7i6* 

■4;466* 

1 

3 

1 

..... 

1 

4 

.  .... 

4 

4 
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CEMENT.       SET    IN    AIR    AND   IN    WATER. 
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4-:NCH   CUBE   D19,    DVCKERHOFF   CEMENT. 

APPEARANCE  1    DAY  AFTER   WAVING  BEEN   HEATED   TO   1 ,000  DEG.  F. 

CUBE   SE^   'N  WATER   1    YEAR,  3  MONTHS,  ?3  CAY'i   BE^^OPE   HEATING. 

LO<^S   'N   WEiGHT    U»^ON    hEAT'NG,   V?   PER  CE\T. 


HEl'OTvpp     CO.. 


n    ,  J.     r.isr 


/ 


]') 


lb 


4   INCH   CUBE    D19,  DYCKERHOrr  CtVENT. 
APPEARANCE   19   DAYS  AFTER   HAVING  BEtN    HEATEO    TO   1000  DtG.   F. 


Mtl'OTVPt    CO.,    BO*iTON. 


4  INCH  CUBE   U20,  DYCKERHOFF  CEMENT. 

A>i  i-ARANCE   1    DAY  AFTER  HAVING  BEEN  HEATED  TO  1000  DEG.  F. 

f  I'BE   SET  IN  AIR  1    YEAR,  3  MONTHS,  16  DAYS  BEFORE   HEATING. 

LOSS  IN  WEIGHT   UPON  HEATING,  11.1    PER  CENT. 


MEUOTVPC  oo.,  lorroM. 


•     » 


V  '  .*:'* 


K. 


m 


4  INCH   CUBF    D?0,  DYrKERMOFF  CEMENT. 
APPEARANCR   H   DAV^  AFTpp   HAVITJC   RE-FN    HFAFEn   TO    1  >' 


H[liO'Yi--F    CO.,    3U9TON. 


4-INCH   CUBE   D?0,  DYCKERHOTF  CEMENT. 
APPEARANCE   11    DAYS  AFTER   HAVING  BEEN   HEATED  TO  1,000  DEG.   F. 


MELIOTYPE    CO..    BOSTON. 


CEMENTS,  STRENGTH    AI^TER   HEATING.  451 

Cements  and  Mortars. 

COMPRESSION   tests  OF  CUBES  AFTER  HAVING   BEEN   HEATED  TO 
DIFFERENT  TEMPERATURES. 

The  cubes  for  this  series  were  prepared  and  set  in  air  or  in  water 
for  a  period  of  one  year  to  a  year  and  a  half  before  they  were  heated, 
and  intervals  ranging  from  four  days  to  nearly  four  months  inter- 
vened between  the  time  of  heating  and  the  time  of  testing. 

The  heated  cubes  were  gradually  raised  to  the  temperatures 
recorded,  and  slowly  cooled  in  dry  sawdust  or  powdered  asbestus. 
The  time  of  heating  was  one  hour,  and  the  maximum  temperature 
was  maintained  for  one  hour. 

Cubes  which  were  set  in  water  were  dried  off  on  a  radiator  for 
twenty -four  hours  before  heating  in  the  muffle  to  the  temperatures 
recorded. 

During  heating  some  of  the  cubes  developed  fine  cracks,  at  first 
faintly  snown,  which  enlarged  after  a  few  hours  or  days  had  elapsed. 
Photographs  are  shown  illustrating  the  progressive  development  of 
these  cracks.  In  other  cases  the  cracks  appeared  more  promptlv. 
Among  those  which  were  heated  to  tlie  higner  temperatures  of  the 
series,  which  ranged  from  200^  to  1,000^  F.,  there  were  cubes  so 
badly  cracked  as  to  be  unsuitable  for  testing. 


452 


CEMENTS,  8TEENGTH    AFTER   HEATING. 
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CEMENTS,  STRENGTH   AFTEB  HBATINO. 
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CEMENT  AND  MORTAR  PRISMS— COMPRESSIVE  ELASTIC  PROPERTIES, 
Cement  and  Mortar  Prisms. 


<  Gt^itzjK^ecf.  Cert^/^>\^ 


Marks,  Alp.  March  8. 

Composition:  Alpha  cement,  neat. 

Water  used  in  gauging,  21.9  per  cent  of  cement. 

Age,  set  in  air,  1  month. 

Weight  per  cubic  foot,  135.6  pounds. 

Dimensions,  23". 94X3". 84x6". 

Sectional  area,  23.04  square  inches. 

Gauged  length,  20". 

The  cement  was  lumpy  in  the  barrel. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Inch. 

Compres- 
sion. 

Set 

round*. 

i\M«tKto 

JwA. 

hvch. 

2,804 

100 

0. 

0. 

Initial  load. 

4.608 

200 

.0006 

.0001 

6,912 

800 

.0014 

.0001 

9,216 

400. 

.0020 

.0001 

11,&20 

500 

.0028 

.0001 

13.824 

600 

.0084 

.0001 

16,128 

700 

.0042 

.0001 

18.432 

800 

.0048 

.0001 

20,736 

900 

.0066 

.0001 

23,040 

1.000 

.0061 

0. 

27.648 

1,200 

.0075 

-.0001 

32,266 

1,400 

.0089 

0. 

36,864 

1,600 

.0101 

0. 

41,472 

1,800 

.0115 

.0002 

46,060 

2,000 

.0131 

.0004 

E  (500-2,000) -8,000.000  pounds  per  square  inch. 

50,688 

2,200 

.0146 

.0006 

65,296 

2,400 

.0161 

.0006 

59,904 

2,600 

.0177 

.0010 

64.512 

2.800 

.0192 

.0014 

69.120 

3,000 

.0206 

.0016 

£  (500-8,000)  »3,030,000  pounds  per  square  Inch. 

Test  discontinued. 
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No.  1468a. 
Test  resumed  after  an  interval  of  6  months. 


Applied  loode. 


ToUl. 


Pounds. 
2,804 
11,520 
23,040 
S6,864 
46,080 

89,904 
09,120 
82,944 
92,160 

105,984 
115,200 
129,024 
138,240 

152,064 
196,500 


Per  square 
inch. 


Pounds. 

100 

500 

1,000 

1,600 

2,000 

2,600 
8,000 
8,600 
4,000 

4,600 
5,000 
5,600 
6,000 

6,600 
8,580 


In  gauged  length. 


Compres- 
sion. 


Inch. 

0. 

.0028 
.0060 
.0097 
.0121 

.0158 
.0181 
.0224 
.0250 

.0288 
.0325 
.0370 
.0406 

.0463 


Set. 


Inch. 

0. 

.0001 
.0004 
.0006 
.0008 

.0010 
.0010 
.0013 
.0015 

.0019 
.0026 
.0081 


.0015 


Remarks. 


Micrometer  reset  at  zero. 


£  (500-2,000) »3,488,000   pounds  per  square 
inch. 


E  (2,000-4,000)  ='3,279,000   pounds  per  square 
inch. 


Cracked  along  edge. 

E  (4.000-6,000)  =2,963,000  pounds  per  square 
inch. 

Ultimate  strength. 


No.  1474. 

Marks,  Alp.  April  26. 

Composition:  Alpha  cement,  neat. 

Water  used  in  gauging,  21.9  per  cent  of  cement. 

Affe,  set  in  water,  1  month.     (First  2  days  in  air.) 

Weight  per  cubic  foot  (immediately  after  being  taken  from  the 
water),  137.3  pounds. 

Dimensions,  24".05x3".85X6".08. 

Sectional  area,  23.4  square  inches. 

Gauged  length,  20". 

The  cement  was  lumpy  in  the  barrel.  Prism  had  a  crack  along  one 
edge  when  taken  from  the  mold. 


Applied  loads. 

Remarks. 

Total. 

Per  square 
incn. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,340 

100 

0. 

0. 

IniUal  load. 

4,680 

200 

.0001 

0. 

7,020 

300 

.0003 

0. 

9,360 

400 

.0006 

0. 

1J,700 

600 

.0011 

0. 

14,040 

600 

.0016 

0. 

16,880 

700 

.0023 

.0001 

18,720 

800 

.003(1 

.0001 

21,060 

900 

.0085 

.0002 

28,400 

1,000 

.0046 

.0004 

28,080 

1,200 

.0064 

.0008 

82,760 

1,400 

.0078 

.0009 

87,440 

1,600 

.0095 

.0011 

42,120 

1,800 

.0109 

.0012 

46,800 

2,000 

.0121 

.0012 

K  (500-2,000)  »3,061,000   pounds  per  square 
inch. 

51,480 

2,200 

.0136 

.0014 

66,160 

2,400 

.0149 

.0015 

60,840 

2,600 

.0164 

.0016 

66,620 

2,800 

.0179 

.0018 
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No.  1474 — Continued. 


AppUed  loads. 

In  gauged  length. 

Remarlu. 

Total. 

PerMuare 
inch. 

Gompros- 
sion. 

Set. 

Poundt. 

Pounda. 

Inch. 

Inch, 

70,200 

8,000 

200 
600 
1,000 
1.400 
1,800 
2,200 
2,600 
2.200 
1,800 
1,400 
1,000 

.0192 

.0025 
.0061 
.0075 
.0101 
.0125 
.0149 
.0172 
.0152 
.0131 
.0109 
.0065 

.0019 

600 

.0069    ! 

200 

.0031    1     '    .0019 

200 

.0024    ! 

600 

.0051    , 

1,000 

.0077    " 

1,400 

.0102 

1,800 

.0126 

2,200 

.0160 

2,600 

.0173 

2,200 

.0153 

1.800 

.0132 

1.400 

.0110 

1,000 

.0066 

600 

.0061 

200 

.0030 

.0018 

Prism  returned  to  water  bath. 

Test  discontinued. 

No.  1474a. 

Test  resumed  after  an  interval  of  4  months. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres-  1       <^| 
sion.      ;       ^'^• 

Pounda. 
2,340 
11,700 
28,400 
37,440 
46,800 
60,840 
70,200 
84,240 
98,600 

107,640 
117,000 
131,040 
140,400 

216,700 

Pounda. 
100 
600 
1.000 
1,600 
2,000 
2,600 
3,000 
3,600 
4,000 

4,600 
5,000 
5,600 
6,000 

9,260 

Inch. 

0. 

.0016 
.0038 
.0064 
.0082 
.0109 
.0128 
.0156 
.0177 

.0205 
.0226 
.0263 
.0288 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.0001 
.0001 

.0002 
.WOA 
.0006 
.0006 

Micrometer  reset  at  sero. 

E  (500-2,000)  ^4,545.000  pounds  per  square  inch. 

E  (2,00(M,000)»4.255.000  pounds  per  squaro 
inch. 

Cracked  along  edge. 

E  (4,000-6.000)  »3,846.000  pounds  per  square 

inch. 
Ultimate  strength. 
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No.  1471. 
Marks,  Atl.  March  13. 
Composition:  Atlas  cement,  neat. 
Water  used  in  gauging,  21.9  per  cent  of  cement. 
Age,  set  in  air,  2  months  16  days. 
Weight  per  cubic  foot,  134.7  pounds. 
Dimensions,  23".98 X  3". 87 X  6".02. 
Sectional  area,  23.3  square  inches. 
Gauged  length,  20". 


Applici 

1  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

• 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,330 

100 

0. 

0. 

InlUal  load. 

4,660 

200 

.0013 

.0002 

6,990 

300 

.0026 

.0008 

9,320 

400 

.0089 

.0005 

11,650 

500 

.0051 

.0006 

13,980 

600 

.0062 

.0007 

16.310 

700 

.0076 

.0008 

18,640 

800 

.0086 

.0009 

20,970 

900 

.0097 

.0010 

23,300 

1,000 

.0105 

.0012 

27,960 

1,200 

.0125 

.0012 

32,620 

1,400 

.0142 

.0013 

37,280 

1,600 

.0160 

.0014 

41,940 

1,800 

.0177 

.0016 

46,600 

2,000 

.0198 

.0019 

E  (.•)00-2.000)  =2,326,000  pounds  per  square  inch. 

51,260 

2,200 

.0210 

.0024 

55,920 

2,400 

.0230 

.0027 

60,580 

2,600 

.0248 

.0082 

66,240 

2,800 

.0270 

.0039 

69,900 

8,000 

.0291 

.0046 
.0033 

After  resting  1  hour. 

3,000 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2,200 

2,400 

2,200 

2,000 

1,800 

1,600 

1,400 

1.200 

1,000 

800 

600 

400 

200 

.0287 

.0042 

.0060 
.0075 
.0093 
.0114 
.0134 

.0153 

.0169 

.0186 

.0201 

.0217 

.0233 

.0250 

.0238 

.0225 

.0211 

.0198 

.0183 

.0168 

.0151 

.0133 
.0112 
.0091 
.0066 

After  resting  6  minutes. 

.0050 
.0045 

Test  discontinued. 
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No.  1471rt. 
Test  resumed  after  an  interval  of  4  months. 
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Applied  loads. 


Total. 


Pounds. 
2,3S0 
11,650 
23,800 
37,280 
46,600 
60,580 
69,900 
83,880 
93,200 

107,180 
116,600 
127,000 


Per  square 
inch. 


Pounds. 
100 
600 
1,000 
1,600 
2,000 
2,600 
8,000 
8,600 
4,000 

4,600 
5,000 
5,460 


In  gauged  length. 


Compres- 
sion. 


Inch. 

0. 

.0044 
.0093 
.0148 
.0175 
.0225 
.0259 
.0815 
.0350 

.0423 


Set. 


Inch. 

0. 
.0001 
.0005 
.0009 
.0011 
.0016 
.0020 
.0031 
.0040 

.0052 
.0074 


Remarks. 


Micrometer  reset  at  zero. 


E  (500-2.000)  =2,479.000  pounds  persquare  inch. 


£  (2,000^,000)  ^  2,581,000  pounds  per  square 
inch. 


Ultimate  strength. 


No.  1499. 
Marks,  L.  July  14. 
Composition:  Lehigh  cement,  neat. 
Water  used  in  gauging,  27  per  cent  of  cement. 
Age,  set  in  air,  1  month  26  days. 
Weight  per  cubic  foot,  129.2  pounds. 
Dimensions,  24".03x 3".90X 6".03. 
Sectional  area,  23.52  square  inches. 
Gauged  length,  20". 


Applied  locuiN. 

Total. 

Pounds. 

2,852 

4,704 

7,056 

9.408 

11,760 

14,112 

16,464 

18,816 

21.168 

23,520 

Per  square 
inch. 

I^unds. 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1,000 

200 
400 
600 
800 
600 
400 
200 

1,200 
1,400 
1,600 
1,800 
2,000 

20O 
400 
600 
800 
600 
400 
20O 

28,224 
32,928 
37,632 
42,888 
47,040 

In  gauged  length. 


Compres- 
sion. 


Inch. 

0. 
.0011 
.0024 
.0035 
.0016 
.0060 
.0069 
.0080 
.0090 
.0100 

.0022 
.0046 
.0067 
.0065 
.0068 
.0048 
.0025 

.0119 
.0135 
.0151 
.0168 
.0186 

.0085 
.0057 
.0078 
.0096 
.0080 
.0060 


Set. 


Inch. 

0. 

0. 
.0002 
.0004 
.0005 
.0006 
.0008 
.0009 
.0009 
.0011 


.0013 

.0018 
.0016 
.0019 
.0022 
.0025 


.0025 


Remarks. 


Initial  load. 


E  (500-2,000)  a2.600,000  pounds  per  square  inch. 
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No.  1499— Continued. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
51,744 
56,448 
61,152 
65,856 
70,560 

Pounds. 
2.200 
2,400 
2,600 
2,800 
3,000 

200 
400 
QOO 
800 
600 
400 
200 

200 

400 

800 

1,200 

1,600 

2,000 

1,000 

1.200 

800 

400 

200 

8,200 
8,400 
3,600 
3,800 
4,000 

Inch. 
.0204 
.0222 
.0246 
.0262 
.0288 

.0054 
.0075 
.0095 
.0118 
.0097 
.0078 
•      .0056 

.0051 
.0073 
.0112 
.0144 
.0174 
.0205 
.0178 
.0150 
.0120 
.0080 
.0057 

.0005 
.0329 
.0852 
.0877 
.0408 

Inch. 
.0027 
.0032 
.0087 
.0040 
.0044 

Crack  at  comer. 

E  (2,000-4,000)  »2,353,000   pounds 
After  5  minutes. 

Ultimate  strength. 

.0041 

.0044 

.0049 
.0065 
.0069 
.0066 
.0072 

.0065 

75,264 
79,968 
84,672 
89,376 
94,080 

per  square 

200 
400 
600 
800 
600 
400 
200 

5,800 

.0076 
.0100 
.0120 
.0189 
.0122 
.0102 
.0079 

.0066 

136,300 

OEMSNT   AND   MOBTAB.       ELASTIC   PBOPEBTIES. 
No.  1500. 

Marks,  L.  July  15. 

Composition:  Lehigh  cement,  1;  sand,  1. 
Water  used  in  gauging.  34  per  cent  of  cement 
Affe,  set  in  air,  1  montn  26  days. 
Weight  per  cubic  foot,  133  pounds. 
Dimensions,  24".00x3".91x6:".06 
Sectional  area,  23.69  square  inches. 
Gauged  length,  20". 
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Applied  loadM. 

In  gauged  length.      ' 

1 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,869 

100 

0. 

0. 

4,738 

200 

.0006 

0. 

7,107 

800 

.0011 

0. 

9,476 

400 

.0018 

0. 

11,845 

600 

.0026 

0. 

14,214 

600 

.0031 

0. 

16,688 

700 

.0089 

.0001 

18,962 

800 

.0046 

.0008 

21,821 

900 

.0064 

.0004 

23,690 

1,000 

.0068 

.0006 

28,428 

1,200 

.0079 

.0007 

33,166 

1,400 

.0098 

.0010 

37,904 

1,600 

.0116 

.0018 

42.642 

1,800 

.0186 

.0018 

47,380 

2,000 

.0166 

.0022 

62,118 

2,200 

.0179 

.0027 

66,866 

2,400 

.0207 

.0036 

61,694 

2,600 

.0231 

.0044 

66,382 

2.800 

.0266 

.0064 

71,070 

3,000 

.0302 

.0066 

76,808 

3,200 

.0848 

.0089 

80,646 

3.400 

.0412 

.0116 

81,000 

3,420 

RemarlcH. 


IniUal  load. 


£(600-2,000)  ^2,778,000  pounds  per  square  Inch. 


Cracks  along  edge, 
ritlmate  strength. 
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No.  1501 

Marks,  L.  July  16. 

Composition:  Lehigh  cement,  neat. 

Water  used  in  gaupng,  25  per  cent  of  cement. 

Age,  set  in  water,  1  month,  26  days. 

Weight  per  cubic  foot,  135.9  pounds. 

Dimensions,  24".  13  X  3". 93  X  6^'.06. 

Sectional  area,  23.82  square  inches. 

Gauged  length,  20". 


Applied  loadft. 

Ingaoge 

d  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sioD. 

Set 

Poundt. 

Pound)*. 

Inch. 

Inch. 

2,382 

100 

0. 

0. 

InitUlioad. 

4,764 

200 

.0008 

0. 

7,146 

800 

.0006 

0. 

9,628 

400 

.0011 

0. 

11,910 

600 

.0014 

0. 

14,292 

600 

.0019 

0. 

16,674 

700 

.0023 

0. 

19,066 

800 

.0028 

0. 

21,438 

900 

.0031 

0. 

23,820 

1,000 

.0066 

0. 

28,684 

1,200 

.0045 

0. 

33,348 

1.400 

.0064 

0. 

38,112 

1,600 

.0064 

0. 

42,876 

1,800 

.0073 

0. 

47,640 

2,000 

200 
400 
600 
800 
1,000 

.0068 

.0008 
.0008 
.0016 
.0026 
.0036 

0. 

£(600-2.000)  »4,348,000  pounds  per  square  inch. 

1,200 
1,400 
1,600 

.0046 

.0056 

.0064 

1,400 
1,200 
1,000 

.0064 

.0046 

• 

.0086 

800 
600 
400 
200 

2,200 

.0026 
.0017 
.0008 
.0001 

.0091 

0. 
0. 

.   '62.404 

67,168 

2,400 

.0100 

.0001 

61.932 

2.600 

.0111 

.0001 

66,696 

2.800 

.0119 

.0001 

71,460 

3,000 

600 
1,000 

.0129 

.0018 
.0081 

.0001 

£(2,000-3,000)  »4,444,000pounds  persquare  inch. 

1,600 

.0069 

2,000 

.0079 

2,600 
2,000 
1,600 
1,000 
600 

8,200 

.0109 
.0060 

0060 

.0081 
.0016 

.0189 

.0001 
.0001 

76,224 

80,968 

8,400 

.0160 

.0002 

86.762 

8,600 

.0169 

.0001 

90,616 

3.800 

.0169 

.0002 

96,280 

4,000 

.0189 

.0003 

Frainnent  detached  along  edge. 

179,800 

7,640 

Ultimate  strength. 

CEMENT   AND   MORTAR.       ELASTIC   PROPERTIES. 
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No.  1477. 
Marks,  Pen.  June  17. 
Composition:  Peninsular  cement,  neat. 
Water  used  in  gauging.  22.2  per  cent  of  cement. 
Age,  set  in  air,  2  montns  13  oays. 
Weight  per  cubic  foot,  135.3  pounds. 
Dimensions,  24".l7x3".90x6^'.03. 
Sectional  area,  23.52  square  inches. 
Gauged  length,  20". 


AppHw 
Total. 

lloadR. 

In  gauged  length. 

Remarks. 

Per  square 
inch. 

Pounds. 

100 

300 

600 

600 

800 

1,000 

1,200 

1,400 

1,600 

1.800 

2.000 

2.200 

2,400 

2,600 

2,800 

8,000 

3,200 

3,400 

.     8,600 

600 
1,000 
1,600 
2,000 
2,600 
3,000 
2,600 
2,000 
1,600 
1,000 

600 

3,000 
3,600 
3,800 
4.000 

4,200 
4,400 
4,600 
4,800 
5,000 

600 
1.000 
1,600 
2.000 
2,600 
3,000 
2.600 
2,000 
1,600 
1,000 

600 
1,000 
2,000 
3.000 
4,000 
8,000 
2,000 
1,000 

6,200 

6,710 

Com- 
preflsion. 

Set 

Pounds. 
2,862 
7,066 
11,760 
14,112 
18,816 
23,520 
28,224 
32,928 
87,632 
42,336 
47,040 
61,744 
66,448 
61,162 
66,856 
70,660 

76,264 
79,968 
84,672 

Inch. 

0. 
.0011 
.0022 
.0029 
.0043 
.0066 
.0069 
.0080 
.0091 
.0100 
.0111 
.0125 
.0138 
.0160 
.0162 
.0174 

.0186 
.0200 
.0213 

.0085 
.0069 
.0093 
.0118 
.0166 
.0178 
.0168 
.0120 
.0099 
.0064 
.0040 

.0179 
.0216 
.0231 
.0248 

.026J 
.0279 
.0290 
.0306 
.0824 

.0050 
.0071 
.0107 
.0132 
.0169 
.0194 
.0174 
.0138 
.0113 
.0077 
.0061 
.0071 
.0181 
.0198 
.0256 
.0199 
.0140 
.0078 

.0345 


Inch. 

0. 

0. 

0. 

0. 
.0001 
.0001 
.0002 
.0008 
.0004 
.0004 
.0006 

InltUl  load. 

Rested  3|  hours  under  initial  load. 

E  (600-2.000)  =3,671,000poundM  per  square  inch. 

E  (2.000-3,000)  »3,448,000  pounds    per  square 
inch. 

Cniok  near  end. 

K  (3.000-4,000) -3.126,000  pounds  per  square 
Inch. 

ritimate  strength. 

.0010 

.0011 
.0012 
.0014 

1 

"'  ".66i5" 

70,560 
84,672 
89,376 
94,080 

98,7H4 
108,488 
108, 192 
112.896 
117,600 

.0020 

.0022 
.0024 
.0026 
.0028 
.0030 
• 

.0090 



.0081 
.0036 

122,304 
167.800 
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No.  1478.  - 

Marks,  Pen.  June  18. 

Composition:  Peninsular  cement,  neat. 

Water  used  in  gauging,  27.5  per  cent  of  cement. 

Affe,  set  in  water,  2  months  14  days. 

Weight  per  cubic  foot  (as  taken  from  water),  138.0  pounds. 

Dunensions,  24".17x3".88x6".04. 

Sectional  area,  23.43  square  inches. 

Gauged  length,  20". 


i 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

PouncU. 

Inch. 

Inch, 

2,348 

100 

0. 

0. 

Initial  load. 

7,029 

800 

.0013 

.0002 

11,716 

600 

.0023 

.0001 

14,068 

600 

.0028 

.0001 

18,744 

800 

.0038 

.0001 

28,430 

1,000 

.0048 

.0001 

28,116 

1,200 

.0060 

.0001 

82.802 

1.400 

.0070 

.0001 

37,488 

1,600 

.0081 

.0002 

42,174 

1,800 

.0093 

.0004 

l?'?5? 

2,000 

.0106 

.0006 

E  (600-2,000)  =8,846,000  pounds  per  square  inch. 

61,646 

2,200 

.0116 

.0006 

, 

66,282 

2,400 

.0127 

.0006 

60,918 

2,600 

.0140 

.0006 

66,604 

2,800 

.0163 

.0007 

70,290 

8,000 

.0164 

.0008 

E   (2,000-3,000)  =-3,671,000  pounds 

per  square 

74,976 

3,200 

.0176 

.0009 

79,662 

3,400 

.0189 

.0010 

84,348 

3,600 

600 
1,000 

.0200 

.0040 
.0062 

.0011 

1,600 

.0094 

2,000 
2,600 

.0116 

.0149 

8,000 

.0171 

2.600 
2,000 

.0160 
.0120 

1,600 

.0099 

1,000 

.0068 

600 

.0044 

0011 

70,290 

3,000 

.0169 

84,348 

8,600 

.0201 

89,084 

3,800 

.0216 

.oois 

98,720 

4,000 

.0227 

.0014 

£  (3.00(M,000)  =3,609,000  pounds 
inch. 

per  square 

96,406 

4,200 

.0240 

.0015 

103,092 

4.400 

.0266 

.0016 

Cracked  along  lower  edge. 

107,778 

41600 

.0278 

.0019 

112,464 

4,800 

.0289 

.0021 

Small  fragment  detached  from  lower  edge.        | 

117,150 

6,lX)0 

600 
1,000 

.0306 

.0064 
.0078 

.0026 

1,600 

.0112 

2.000 
2,600 

.0136 
.0168 

3,000 

.0202 

2,600 

.0178 

2,000 

.0141 

1,600 

.0119 

1,000 

.0086 

600 

.0060 

.0022 

1,000 

.0081 

2,000 
8,000 

.0136 

.0191 

4,000 
8,000 

.0250 
.0199 

2,000 

.0146 

1,000 

.0089 

0026 

121,836 

6,200 

.0821 

.0027 

167,600 

6,720 

Ultimate  strength. 

CEMENT   AND   MOBTAB.       ELASTIC   PB0PEBTIE8. 

No.  1479. 
Marks,  Pen.  June  19. 

Composition:  Peninsular  cement,  1;  sand,  1. 
Water  used  in  gauging,  32.5  per  cent  of  cement. 
Age,  set  in  air,  2  months  13  days. 
Weight  per  cubic  foot,  133.4  pounds. 
Dimensions,  24".  02X3".  89x6".  02. 
Sectional  area,  23.42  square  inches. 
Gauged  length,  20". 
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Applied  loads. 

Remarks. 

Total. 

Per  souare 
inch. 

Gompre§- 
slon. 

Set 

Poundt. 

Pounds. 

Inch, 

Inch. 

2,842 

100 

0. 

0. 

Initial  load. 

4,684 

200 

.0006 

0. 

7,026 

800 

.0014 

0. 

9  868 

400 

.0020 

0. 

11,710 

500 

.0026 

0. 

14,0fti 

600 

.0032 

0. 

18,786 

800 

.0047 

0. 

23,420 

1,000 

.0063 

.0001 

28,104 

1,200 

.0076 

.0002 

82,788 

1,400 

.0098 

.0006 

87,472 

1,600 

.0106 

.0007 

42,156 

1,800 

.0126 

.0010 

46,840 

2,000 

.0141 

.0013 

£  (600-2,000)»2,941,000  pounds  per  square  inch. 

61,624 

2,200 

.0169 

.0013 

66,206 

2,400 

.0177 

.0019 

60,892 

2,600 

.0200 

.0026 

66.676 

2,800 

.0220 

.0029 

70,260 

8,000 

.0244 

.0034 

£  (2JDOO-8,000)»2,489,000  pounds  per  square 

74.944 

8,200 

.0266 

.0087 

* 

79,628 

8,400 

.0290 

.0044 

84,812 

3,600 

600 
1.000 

.0818 

.0090 
.0124 

.0061 

1,600 
2,000 
2,600 
8,000 

.0169 

.0216 

.0246 

.0277 

2,600 

.0264 

2,000 

.0229 

1,600 

.0189 

1,000 

.0144 

600 

.0110 

.6667" 

Micrometer  disturbed  Jn  its  position. 

88,996 

3,800 

.0827 

.0044 

96,680 

4,000 

.0871 

.0060 

98,864 

4,200 

Ultimate  strength. 
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No.  1480. 

Marks,  Pen.  June  20. 

Composition:  Peninsular  cement,  1;  sand,  1. 

Water  used  in  gauging,  31.8  per  cent  of  cement. 

Age,  set  in  water,  2  months  12  days. 

Weight  per  cubic  foot  (as  taken  from  water),  139.5  pounds. 

Dimensions,  24'M6X3".90X6".02. 

Sectional  area,  23.48  square  inches. 

Gauged  length,  20". 


AppUed  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,848 

100 

0. 

0. 

Initial  load. 

4,696 

20O 

.0006 

0. 

7,044 

300 

.0011 

0. 

9,382 

400 

.0018 

0. 

11,740 

600 

.0025 

0. 

14,088 

600 

.0080 

.0001 

18,784 

800 

.0040 

.0002 

28,480 

1.000 

.0060 

.0002 

- 

28,176 

1.20O 

.0061 

.0004 

32,872 

1,400 

.0070 

.0004 

87,568 

1,600 

.0081 

.0005 

42,264 

1,800 

.0091 

.0005 

46,960 

2,000 

600 
1,000 

.0102 

.0032 
.0054 

.0006 

E  (500-2,000)  «4,225,000  pounds  per  square  inch. 

1,600 

.0084 

1.000 

.0057 

600 

.0085 

.0005 

51,656 

2,200 

.0115 

.0006 

56,352 

2.400 

.0126 

.0008 

61.048 

2,600 

.0136 

.0009 

65,744 

2,800 

.0149 

.0010 

70,440 

8,000 

.0160 

.0011 

E  (2,000-3.000) =3,774,000    pounds  per  square 
inch. 

75,186 

8,200 

.0173 

.0018 

79,882 

8,400 

.0185 

.0014 

84,528 

3,600 

600 
1,000 
1,600 

.0199 

.0043 
.0066 

.0016 

.0096 

2,000 

.0118 

2,600 

.0148 

3,000 

*    .0170 

2,600 

.0151 

2,000 

.0126 

1.600 

.0106 

1,000 

.0076 

600 
3,800 

.0049 
.0215 

.0018 
.0018 

89.224 

98,920 

4,000 

.0230 

.0021 

E  (3,000-4.000)  =8,333,000    pounds    per  square 

Inch. 
Ultimate  strength . 

161,700 

6,890 

CEMENT   AND   MORTAR.       ELA8TI0   PROPERTIES. 

No.  1481. 
Marks,  Pen.  June  12. 

Composition:  Peninsular  cement,  1;  sand,  2. 
Water  used  in  gauging.  48.1  per  cent  of  cement. 
Age,  set  in  air,  2  montns  21  oays. 
Weight  per  cubic  foot,  125.4  pounds. 
Dimensions,  24".16 X  3".86 X  6^'.09. 
Sectional  area,  23.51  square  inches. 
Gauged  length,  20". 


479 


Applied  loads. 

In  gauged  length. 

Touil. 

Per  Moare 
inck. 

Compres- 
idon. 

Set. 

PottfuU. 

roundg. 

Inch. 

Inch. 

2,361 

100 

0. 

0. 

InitUl  load. 

4,702 

200 

.0008 

0. 

7,068 

800 

.0017 

0. 

9.404 

400 

.0025 

.0002 

11,766 

600 

.0086 

.0004 

14,106 

600 

.0045 

.0005 

18,806 

800 

.0065 

.0007 

23,510 

1,000 

.0086 

.0011 

28,212 

1,200 

.0110 

.0016 

32,914 

1,400 

.0134 

.0020 

37,616 

1,600 

.0160 

.0025 

42,318 

1,800 

.0191 

.0088 

47,020 

2,000 

600 
1,000 

.0224 

.0088 
.0128 

.0041 

£  (600-2,000) —1,974,000  pounds  per  Hquare  Inch. 

1,600 
1,000 

.0185 

.0187 

600 
2.200 

.0099 
.0261 

Jooii" 

.0058 

Comer  cracked. 

61,722 

56. 124 

2,400 

.0888 

.0090 

67,000 

2,420 

Ultimate  strength. 
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No.  1482. 
Marks,  Pen.  June  21. 

Composition:  Peninsular  cement,  1;  sand,  2. 
Water  used  in  gauging,  46.4  per  cent  of  cement. 
A^e,  set  in  water,  2  months  13  days. 
Weight  per  cubic  foot,  136.1  pounds. 
Dimensions,  24".17x  3".87x  6".06. 
Sectional  area,  23.41  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauge* 

Compren- 
Blon. 

d  length. 

Remarks. 

Total. 

Per  square 
Inch. 

Set. 

Pounds, 
2,341 
4  682 
7,023 
9,864 
11,706 
14,046 
18,728 
28,410 
28.002 
82,774 
87.466 
42,138 
46,820 

Pounds. 

100 

200 

800 

400 

500 

600 

800 

1,000 

1,200 

1.400 

1,600 

1,800 

2,000 

600 
1.000 
1,600 
1,000 

600 

2.200 
2,400 
2,600 
2,800 
8,000 

8.200 
3,400 

600 
1.000 
1,600 
2,000 
1,600 
1,000 

600 

3,920 

Inch. 

0. 
.0006 
.0012 
.0016 
.0023 
.0028 
.OMl 
.0054 
.0068 
.00^/8 
.0093 
.0110 
.0128 

.0040 
.0066 
.0103 
.0070 
.0046 

.0147 
.0167 
.0189 
.0213 
.0239 

.0269 
.0295 

.0061 
.0115 
.0168 
.0195 
.0173 
.0131 
.0096 

Inch, 

0. 

0. 

0. 

0. 

0. 

0. 
.0001 
.0001 
.0002 
.0001 
.0008 
.0005 
.0008 

Initial  load. 

V,  (SOa-2,000)  --=3.093,000  pounds  per  square  Inch. 

K  (2,000-3,000)  =2,198,000   pounds   per  square 
inch. 

Ultimate  strength. 

.0009 

.0011 
.0015 
.0019 
.0020 
.0028 

.0084 
.0040 

61.602 
66,184 
60.866 
65,548 
70,280 

74,912 
79,504 

1 

.0048 

91,800 

CEMENT    AND   MORTAR.        ELASTIC    PROPERTIES. 

No.  1483. 

Marks,  Pen.  June  13. 

Composition:  Peninsular  cement,  1;  sand,  3. 
Water  used  in  gau^ng,  68  per  cent  of  cement. 
Age,  set  in  air,  2  months  20  days. 
Weight  per  cubic  foot,  118.8  pounds. 
Dunensions,  24.2()x3".83X6".05. 
Sectional  area,  23.17  square  inches. 
Gauged  length,  20". 
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Applied  loads. 

Total. 

Persquart* 
inch. 

Pounds. 

Pounds. 

2,317 

100 

4.634 

20O 

6,961 

800 

9,268 

400 

11,585 

600 

18,902 

600 

16.219 

700 

18,536 

800 

20,853 

900    . 

23. 170 

1.000    ' 

25,487 

1,100 

27,804 

1,200 

200 
400 
600 
800 
1.000 

800 
600 

400 

200 

30,121 

1.800 

32,488 

1,400 

84,756 

1,500 

84,900 

1,610 

In  gauged  length. 


CompreM- 
sion. 


Inch. 

0. 
.0014 
.0026 
.0036 
.0049 
.0066 
.0080 
.0096 
.0117 
.0139 
.0158 
.0188 

.0015 
.0071 
.0102 
.0181 
.0160 
.0138 
.0112 
.0082 
.0050 

.0217 
.0249 


Remarks. 


Set. 


Inch. 

0. 

0. 
.0001 
.0001 
.0002 
.0005 
.0007 
.OOU 
.0015 
.0020 
.0024 
.0034 


.0045 
.0056 
.0080 


IniUal  load. 


£(500-1 .000) "  1,389.000 pounds  per  nqoare  inch. 


Ultimate  strength. 


H.  Doc.  335 31 
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No.  1484. 
Marks,  Pen.  June  23. 

Composition:  Peninsular  cement,  1;  sand,  3. 
Water  used  in  gauging,  58.3  per  cent  of  cement. 
Age,  set  in  water,  2  months  11  days. 
Weight,  per  cubic  foot,  130.7  pounds. 
Dimensions,  24'M5x3".89x6".06. 
Sectional  area,  23.53  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Poundt. 

Pounds. 

Inch, 

Inch. 

2,363 

100 

0. 

0. 

Initial  load. 

4.706 

200 

.0009 

.0001 

7  069 

300 

.0015 

.0003 

9.412 

400 

.0021 

.0004 

11,766 

500 

.0030 

.0004 

14,118 

600 

.0036 

.0004 

16,471 

700 

.0043 

.0006 

18,824 

800 

.0051 

.0006 

21,177 

900 

.0060 

.0007 

28,680 

1,000 

.0070 

.0009 

E  ( 500-1,000)  »2,857,000  pounds  per  square  inch. 

26,883 

1,100 

.0080 

.0009 

28,286 

1,200 

.0090 

.0010 

200 

.0017 

400 

600 

800 

1,000 

.0030 
.0045 
.0062 
.0075 

800 
600 
400 
200 

1,300 

.0068 
.0049 
.0036 
.0020 

.0101 

.0010 
.0012 

80.589 

82,942 

1,400 

.0113 

.0014 

86,296 

1,500 

.0126 

.0015 

87,648 

1,600 

.0140 

.0017 

40,001 

1.700 

.0153 

.0020 

42,864 

1,800 

.0170 

.0022 

44,707 

1,900 

.0189 

.0025 

47,060 

2,000 

200 
400 
600 
800 
1,000 
1,200 

.0208 

.0036 
.0055 
.0077 
.0095 
.0118 
.0137 

.0029 

R  (1.000-2,000) =1,695,000  pounds  per  square 
inch. 

1,400 
1,600 
1,400 
1,200 

800 
600 
400 
200 

2,200 

.0157 
.0176 

.0163 
.0149 

.0133 

.0116 
.0096 
.0078 
.0048 

.0260 

.0086 
.0047 

61,766 

66,472 

2,400 

.0821 

.0068 

60.600 

2.670 

Ultimate  strength. 

CEMENT    AND   MORTAR.       ELASTIC   PROPERTIES. 

No.  1486. 

Marks:  Pen.  June  14. 

Composition:  Peninsular  cement,  1;  sand,  4. 
Water  used  in  gauging,  87  per  cent  of  cement. 
Age,  set  in  air.  2  months  21  days. 
Weight  per  cubic  foot,  113.4  pounds. 
Dimensions,  24".14  X  3".85  X  6".03. 
Sectional  area,  23.22  square  inches. 
Gauged  length,  20". 
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Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Pemquare 
inch. 

Compres- 
sion. 

Set 

Pounda. 
2,822 
4,644 
6,966 
9,288 
11,610 
13.982 
16,254 
18,676 
20.898 

Pound*. 
100 
20O 
800 
400 
800 
600 
700 
800 
900 

Jim*. 

0. 

.0014 
.0082 
.0052 
.0074 
.0101 
.0136 
.0174 

Inch. 

0. 

0. 
.0002 
.0005 
.0006 
.0015 
.0025 
.0036 

IniUal  load. 

£  ( 100^500)  ^1,212,000  pounds  per  square  inch. 

intimate  strength. 

No.  148t>. 
Marks,  Pen.  June  24. 

Composition:  Peninsular  cement,  1;  sand,  4. 
Water  used  in  gauging,  80  per  cent  of  cement 
Age,  set  in  water,  2  months  11  days. 
Weight  per  cubic  foot,  128.4  pounds. 
Dimensions,  24".15X3".1)0X6".04. 
Sectional  area,  23.56  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pound*. 
2,366 
4,712 
7,068 
9,424 
11,780 
14,186 
16,492 
18,848 
21,204 
23,660 

Pound*. 
100 
200 
300 
400 
600 
600 
700 
800 
900 
1,000 

200 
400 
600 
800 
600 
400 
200 

1.000 

Inch. 

0. 
.0011 
.0026 
.0089 
.0054 
.0072 
.0097 
.0125 
.0168 
.0225 

.0080 
.0119 
.0157 
.0195 
.0170 
.0139 
.0095 

Inch. 

0. 

0. 
.0003 
.0005 
.0006 
.0009 
.0016 

.0040 
.0065 

Initial  load. 

E  ( lOO^'iOO)  ^1,667,000  pounds  per  square  inch. 

E  (riOO-1,000)  -898,000  pounds  per  square  inch, 
intimate  strength. 

.0067 

24,900 

484  CEMENT   AND    MOBTAR.       ELASTIC   PE0PEBTIE8. 

No.  1466. 

Marks,  ^  March  6. 

Composition:  Star  Portland  cement,  with  plaster,  neat. 

Water  used  in  gauging,  25  per  cent  of  cement. 

Age,  set  in  air,  1  month. 

Dimensions,  23".95 X 3".89 X 6".08. 

Sectional  area,  23.65  square  inches. 

Gauged  length,  20". 


Applied  IoimIr. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Founds. 

Pound*. 

Inch. 

Inch. 

2,866 

100 

0. 

0. 

Initial  load. 

4,730 

200 

.0007 

0. 

7,096 

300 

.0014 

-.0001 

9,460 

400 

.0021 

-.0002 

11,826 

600 

.0030 

-.0002 

14,190 

600 

.0088 

-.0002 

16,666 

700 

.0046 

-.0002 

18,920 

800 

.0054 

-.0002 

21,286 

900 

.0061 

-.0002 

23,660 

1,000 

.0068 

-.0002 

28,880 

1,200 

.0084 

-.0002 

88,110 

1,400 

.0098 

-.0002 

87,840 

1,600 

.0116 

0. 

■ 

42,670 

1,800 

.0130 

+  .0001 

Fine  transverse  cracks  across  one  4"  side  In 
three  places.    Two  of  these  were  not  visible 
while  the  prism  was  loaded. 

47,300 

2,000 

.0142 

.0002 

K  (600-2,000)  =  2,778,000   pounds   per  square 
inch. 

62,080 

2,200 

.0169 

.0003 

66,760 

2,400 

.0174 

.0005 

Longitudinal  crack  at  one  end  of  prism. 

61,490 

2.600 

.0188 

.0006 

66,220 

2,800 

.0206 

.0008 

70,950 

3,000 

.0220 

.0010 

E    (500-3,000)^  =  2,809,000  pounds   per  square 
inch. 

76,680 

3,200 

.0238 

.0011 

80,410 

8,400 

.0266 

.0016 

116,100 

4,910 

Ultimate  strength. 

An  examination  of  the  fragments  of  the  prism  after  the  test  showed 
an  effervescence  when  treated  with  acid  in  the  vicinity  of  the  trans- 
verse cracks  previously  noted.  From  this  result  it  is  inferred  that 
minute  cracks  existed  in  the  surface  of  the  prism  prior  to  loading, 
which  penetrated  to  a  depth  of  i"±. 


CEMENT   AND    MORTAR.       ELASTIC   PROPERTIES. 

No.  1467. 

Marks,  -p^  March  7. 

Composition:  Star  Portland  cement,  with  plaster,  neat. 

Water  used  in  gauging.  20  per  cent  of  cement. 

Affe,  set  in  air,  1  montn. 

Weight  per  cubic  foot,  134  pounds. 

Dimensions,  24".00X3".80X6".01. 

Sectional  area,  23.38  square  inches. 

Gauged  length,  20". 
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Applied  loads. 

In  gauge 

d  length. 

Remarka. 

Total. 

Per  square 
Incn. 

Compres- 
sion. 

Set. 

Pounds. 

P&unds. 

Inch. 

Inch. 

2,838 

100 

0. 

0. 

Initial  load. 

4,676 

200 

.0007 

0. 

7,014 

300 

.0012 

0. 

9,852 

400 

.0019 

-.0001 

11.690 

600 

.0027 

-.0001 

14,028 

600 

.0036 

-.0001 

16.866 

700 

.0044 

0. 

18,704 

800 

.0051 

0. 

21,042 

900 

.0a')8 

0. 

23,380 

1.000 

.0067 

f  .0001 

One  transvene  crack  visible. 

28.056 

1,200 

.0081 

.0001 

82,732 

1.400 

.0097 

.0002 

37,408 

1,600 

.0112 

.0004 

42,084 

1.800 

.0127 

.0006 

46.760 

2,000 

.0141 

.0006 

E  (600-2,000)  =2,804.000  poundn  per  square  inch. 

Test  discontinued. 


No.  1467a. 


Test  resumed  after  an  interval  of  5  months. 
Ends  faced  with  neat  cement  at  present  test, 
the  ends  were  faced  with  plaster  of  paris. 


On  former  occasion 


Applied  luadM. 

In  gauged  length. 

- 

-- 

- 

Remarks. 

Total. 

Per  Hquare 
Inen. 

Compres- 
sion. 

Bet. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,888 

100 

0. 

0. 

Micrometer  re«et  at  lero. 

11,690 

600 

.0081 

0. 

23,380 

1,000 

.0056 

.0001 

37,408 

1.600 

.0091 

.0004 

46,760 

2,000 

.0118 

.0006 

£(600-2.000)»8.669.000  pounds  per  Bquareinch. 

i        51,486 

2,200 

.0129 

.0005 

66,112 

2,400 

.0143 

.0006 

70, 140 

8,000 

.0183 

.0009 

81.830 

8,600 

.0218 

.0012 

98.620 

4,000 

.0262 

.0017 

106,210 

4,500 

.0289 

.0022 

116,900 

6.000 

.0332 

.0028 

98,620 

4,000 

Load  left  on  prinn  19  hours,  at  the  end  of  which 
interval  there  was  found  a  total  load  of  76^000 
pound8=3,250 pounds  per  square  inch.    The 
loads  were  then  increased  until  rapture  took 

199,800 

8.650 

place. 
Ultimate  strength. 
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No.  1470.  . 

Marks,  -^  March  12. 

Composition:  Star  Portland  cement,  without  plaster,  neat. 
Water  used  in  gauging,  28.1  per  cent  of  cement. 
Age,  set  in  air,  1  month. 
Weight  per  cubic  foot,  126.5  pounds. 
Dimensions,  23".98X3".87X6". 
Sectional  area,  23.22  square  inches. 
Gauged  length,  20". 

A  number  of  oblique  cracks  were  found  at  corners  of  prism  when 
mold  was  stripped. 


Applied  loads. 

In  gauged  length. 

RemarlcH. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,322 

100 

0. 

0. 

Initial  load. 

4,644 

200 

.0013 

0. 

6.966 

300 

.0026 

.0001 

9.288 

400 

.0042 

.0001 

11,610 

500 

.0060 

.0004 

18,982 

600 

.0077 

.0006 

16,254 

700 

.0095 

.0009 

18,676 

800 

.0115 

.0013 

20,898 

900 

.0135 

.0017 

23,220 

1,000 

.0152 

.0021 

27,864 

1,200 

.0191 

.0030 

9  tine  transverse  cracks  visible. 

82,508 

1,400 

.0230 

.0040 

37, 152 

1,600 

.0279 

.0056 

41,796 

1,800 

.0321 

.0071 

46,440 

2,000 

.0370 

.0091 

£  (500-2,000)  1,345,000  pounds  per  miuare 

inch. 

51,064 

2,200 

.0418 

.0111 

55,728 

2,400 

.0470 

.0132 

60,372 

2,600 

400 

800 

1,200 

1,600 

.0530 

.0212 
.0279 
.0342 

.0168 

.0400 

2,000 
1,600 

.0456 

.0419 

1,200 

.0370 

800 
400 

.0314 
.0245 

.0176 

n     1^^' 

65,016 

.    %soo 

.0596 

.0208 

69,660 

,   .'^,000 

.0670 

.0246 

.-.fj^.*..'... 

.0220 

After  resting  under  initial  load  1  hour. 

400 
800 

.0271 
.0338 

1,200 
1,600 

.0400 

.0459 

2,000 

1,600 

1,200 

800 

400 

.0520 
.0482 



.0434 

.0379 
.0309 

After  resting  5  minutes. 

.0238 
.0233 

74,804 

3,200 

.0738 

.0288 

78,948 

3,400 

.0854 

.0367 
.0348 

After  resting  5  minutes. 
After  resting  10  minutes. 

.0345 

CEMENT   AND   MOBTAB.       ELASTIC   PB0PEBTIE8. 
No.  1470 — Continued. 
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Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

400 

800 

1,200 

1,600 

2,000 

2,400 

2,800 

2,400 

2,000 

1.600 

1,200 

800 

400 

Inch. 
.0397 
.0465 
.0530 
.0591 
.0650 
.0715 
.0775 
.0744 
.0714 
.0670 
.0620 
.0560 
.0481 

Inch. 

Afti^r  restinir  5  minutes. 



.0408'" 

.0891 

.0387       After  restinff  10  minutes.                                          1 

*" 

2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
100 
100 
100 
2,800 
2,800 
2,800 
2,800 
2,80w 
2,800 
2,800 
2,800 
2,800 
2,800 
2.800 
2,800 
2,800 
2,800 
2.000 
1,480 

2,000 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 

.0786 
.0820 
.0880 
.0841 
.0848 
.0854 

After  sustaining  load  5  minutes. 
After  sustaining  load  10  minutes. 
After  sustaining  load  15  minutes. 
After  sustaining  load  20  minutes. 
After  sustaining  load  25  minutes. 

After  resting  5  minutes. 
After  resting  10  minutes. 

After  su               load  5  minutes. 
After  su               load  10  minutes. 
After  su               load  15  minutes. 
After  su  1  .  H 1  1 1  i  ^  load  20  minutes. 
After  su^^iUHni;  load  25  minutes. 
After su-it.r, Mil;  load 30 mluutes. 
After  sii-i^^:riiiiL'  load  35 minutes. 
After  su'-iiii.ni  11^-  load  40  minutes. 

.0461 
.0439 
.0432 

.0637 

.0859 
.0868 
.0878 
.0882 
.0887 
.0891 
.0896 
.0900 
.0904 
.0909 
.0916 

After  81]  - 1. 1  m :  II L'  load  45  minutes. 

After si]^iiiii:ii'j  load 60 minutes. 



After  su  !  :i  u  M 1  l:  load  1  hour. 

.0921    ' 1  After su-tin II. in.' load  1  hour  10 minutes. 

.0925 
.0846 

After  81]  -h' ,  u  1  n :'  load  1  hour  20  minutes.              1 

46,440 
84,400 

46,440 
65,016 

Loadlefc  <  n  ^u^m  at  night. 
Load  four^i]  iKL  jtjrism  in  the  morning,  15  hours 
later. 

.0893 
.0976 
.0984 
.0989 
.0994 
.0998 
.1001 
.1006 
.1009 
.1017 
.1025 
.1032 
.1039 
.1046 
.1062 

After  SU"- \t\UV\ ug  load  5  minutes. 

After  Bxi-Ui  1  ML  ng  load  10  minutes. 

After  8U-1 J  III  ;ig  load  20  minutes. 
After  8U^i nil K iig  load  30  minutes. 

After  su^i  '■  < !  H  iig  load  40  minutes. 

After  su-i  II :  1 L ;  ;ig  load  50  minutes. 

After  HU^  1  k  1  ni, ng  load  1  hour. 

.::::::::::: 

After  SU-:  ■  ^  1  nig  load  1  hour  30  minutes. 

After  su  h  n  11  i  ng  load  2  hours. 

After  su^  1  -J  ^  ej  1  ng  load  2  hours  80  minutes. 
After  suh  ^H 1  n  ng  load  3  hours. 

After  su- rig  load  3  hours  30  minutes. 

After  su'-i  l  i  >  i  hig  load  4  hours  50  minutes. 
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Specimen  removed  from  the  machiDe. 

Test  resumed  after  resting  without  load  21  hours. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
incn. 

Compres- 
sion. 

Set. 

Poundt. 
2,322 

Poundt. 

100 

1,000 

2,000 
2.800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,740 

2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
3,000 
8,200 
3,400 

Inch. 
0. 
.0128 

.0243 
.0387 
.0369 
.0366 
.0376 
.0381 
.0396 
.0416 
.0430 
.0444 
.0467 
.0470 
.0472 
.0576 

.0582 
.0685 
.0589 
.0594 
.0600 
.0604 
.0605 
.0623 
.0644 
.0668 
.0671 

Inch. 
0. 

Initial  load.    Micrometer  reset  at  zero. 
There  are  numerous  oblique  cracks  and  one 
longitudinal  crack  in  prism. 

Alter  sustaining  load  6  minutes. 
After  sustaining  load  10  minutes. 
After  sustaining  load  20  minutes. 
After  sustaining  load  30  minutes. 
After  sustaining  load  1  hour. 
After  sustaining  load  2  hours. 
After  sustaining  load  8  hours. 
After  sustaining  load  4  hours. 
After  sustaining  load  5  hours. 
After  sustaining  load  6  hours. 
Load  left  on  prism  at  night. 
Load  found  on  prism  in  the  morning:,  15  hours 
26  minutes  later. 

After  sustaining  load  30  minutes. 
After  sustaining  load  1  hour. 
After  sustaining  load  2  hours. 
After  sustaining  load  3  hours. 
After  sustaining  load  4  hours. 
After  sustaining  load  4i  house. 

After  2  minutes. 

Do. 

Do. 

Do. 
After  4  minutes. 
Ultimate  strength. 

65,016 
68,600 

65,016 

69,660 
74,304 
78,948 

100 

.0286 
.0273 

3,400 

.0671 
.0681 

100 

.0280 
.0271 
.0266 

94,800 

4,080 
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No.  1469. 
Marks,  W'H.  March  10. 
Composition:  Whitehall  cement,  neat. 
Water  used  in  gauging,  21.2  per  cent  of  cement. 
Age,  set  in  air,  1  month. 
W  eight  per  cubic  foot,  137  pounds. 
Dimensions,  23".  99  X  3".  88  X  6".  01. 
Sectional  area,  23.32  square  inches. 
Gauged  length,  20". 


Applied  loads. 


Total. 


Pounds. 
2.332 
4.664 
6,996 
9,328 
11.660 
13,992 
16,324 
18,666 
20.988 
23,320 
27,984 
82,&I8 
37,312 
41.976 
46,640 
61,304 
65,968 
60,632 
66,296 
69,960 


Per  rauare 
inch. 


Pounds. 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2,200 

2,400 

2,600 

2.800 

3,000 


In  gauged  length. 

Hemarkn. 

Compres- 
.sioD. 

Set. 

Inch. 

0. 

.0006 
.0011 
.0016 
.0021 
.0027 
.0084 
.0038 

.(xm 

.0(M8 

.oa-i? 

.0066 
.0076 
.0086 
.0096 
.0106 
.0116 
.0128 
.0140 
.0163 

Inch. 

0. 

0. 

0. 

0. 

-.0001 
-.0001 
-.0001 
-.0003 
-.0003 
-.0003 
-.0004 
-.0006 
-.0006 

-.0005 
-.0005 
-.OOW 

-.0001 

-.0003 
.0002 

0. 

Initial  load. 

E  (600-2.000)  6.3,7^,000  poundB  per  square  inch. 

Test  discontinued. 

No.  1469a. 
Tost  resumed  after  an  interval  of  ♦>  months. 


ApplicHl  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  Hquart* 
inch. 

Compres- 
sion. 

Sot. 

Inch. 

0. 

0. 
.0008 
.0007 
.0009 
.0011 
.0013 
.0017 
.0020 

.0026 
.0028 
.0035 
.0044 

.0056 
.0066 

Pounds. 
2,332 
11,660 
23,320 
37,312 
46,640 
60.632 
69,960 
83,962 
93,280 

107, 2?2 
116,600 
130.692 
139,920 

163, 912 
163.240 
186,000 

I\Mnds. 
100 
600 
1,000 
1,600 
2,000 
2.600 
3,000 
3,600 
4,000 

4,600 
6,000 
6.600 
6,000 

6,600 
7,000 
7,980 

Inch. 

0. 

.0025 
.0056 
.0093 
.0119 
.0167 
.0185 
.0226 
.0255 

.0299 
.0331 
.0878 
.0418 

.0475 
.0519 

Micrometer  reset  at  «ero. 

£  (600-2,000)^3.629.000  pounds  per  square  inch. 

E    (2.000-1.000) =3,200,000  p<iunds  per  square 
inch. 

E  (4.00(^6,000)  =2,878,000  pounds  per  square 
inch. 

Ultimate  strength. 
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No.  1476. 
Marks,  W'H.  April  30. 
Composition:  Whitehall  cement,  neat. 
Water  used  in  gauging,  21.2  per  cent  of  cement. 
Age,  set  in  water,  1  month.     (First  day  in  air.) 
A\  eight  per  cubic  foot  (immediately  after  being  taken  from  the  water), 
137.5  pounds. 

Dimensions,  24".10x3".87x6".09 
Sectional  area,  23.67  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

1 

Total.        '•<'f„X'* 

Compres- 
sion. 

Set. 

Pouruls. 

Paunds, 

Inch. 

Inch. 

2,867 

100 

0.           .       0. 

Initial  load. 

4,714 

200 

.0002 

0. 

7,071 

300 

.0006 

-.0001 

9.428 

400 

.0010 

-.0001 

* 

11,785 

500 

.0015 

-.0001 

14,142 

600 

.0021 

-.0001 

16,499 

700 

.0026 

-.0001 

18,866 

800 

.0031 

-.0001 

21,213 

900 

.0037 

-.0001 

23,570 

1,000 

.0041 

-.0001 

28,284 

1,200 

.0052 

-.0001 

32,998 

1,400 

.0062 

-.0002 

37,712 

1,600 

.0072 

-.0002 

42,426 

1,800 

.0081 

-.0002 

47,140 

2,000 

.0090 

-.0002 

E    (500-2,000)  =3,947,000   pounds   per 
Inch. 

square 

51,854 

2,200 

.0097 

-.0004 

56,568 

2.400 

.0106 

-.0003 

61,282 

2,600 

.0115 

-.0003 

65,996 

2,800 

.0124 

-.0003 

70,710 

3,000 

.0134 

-.0002 

No.  1475a. 

Prism  rotated  one-half  turn,  was  readjusted  in  the  machine  and 
readings  repeated  as  follows: 


Applied  loads. 

In  gauged  length. 

Total. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,357 

100 

0. 

0. 

4,714 

200 

.0006 

-.0001 

7,071 

300 

.0009 

-.0001 

9,428 

400 

.0014 

-.0001 

11,785 

500 

.0019 

-.0001 

14,142 

600 

.0024 

-.0001 

16.499 

700 

.0030 

-.0001 

18,856 

800 

.0036 

-.0001 

21,213 

900 

.0041 

-.0001 

23,570 

1,000 

.0047 

-.0001 

28,284 

1,200 

.0059 

-.0001 

82,998 

1,400 

.0070 

-.0001 

87,712 

1.600 

.0081 

0. 

42,426 

1,800 

.0092 

0. 

47,140 

2,000 

.0104 

-l-.OOOl 

51,854 

2,200 

.0116 

.0001 

66,668 

2,400 

.0129 

.0002 

61,282 

2,600 

.0148 

.0003 

66,996 

2,800 

.0165 

.0004 

70,710 

8,000 

.0171 

.0006 

Remarks. 


Initial  load. 


E   (500-2,000) -3,614,000   poimds  per    square 
inch. 


Test  discontinued.     Prism  returned  to  the  water  bath. 


OEM£NT   AND   MOBTAB.       ELASTIC   PBOPEBTIES. 
No.  1475*. 
Test  resumed  after  an  interval  of  4  months. 
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AppUed  loads. 

In  gauged  length. 

Remarlu. 

1 

Compres- 
sion. 

Set. 

Poundt. 
2,357 
11,786 
28,570 
37,712 
47,140 
61,282 
70,710 
84,852 
94,280 

106,422 
117,850 
181,992 
141,420 

166,562 
164,990 

Poundt. 
100 
600 
1,000 
1,600 
2,000 
2,600 
3,000 
3,600 
4,000 

4.600 
5,000 
5,600 
6,000 

6,600 
7,000 

1,000 

Inch. 

a 

.0020 
.0044 
.0078 
.0093 
.0122 
.0148 
.0172 
.0194 

.0226 
.0260 
.0283 
.0310 

.0348 
.0377 

.0060 

Inch. 

0. 

0. 

0. 

0. 

0. 
.0001 
.0002 
.0002 
.0004 

.0006 
.0007 
.0010 
.0012 

.0014 
.0018 

Micrometer  renet  at  zero. 

E  (500-2,000) -4,110.000  pounds  per  square  inch. 

E  (2,000-4,000)0.4,124.000  pounds  per  square 
inch. 

E  (4.000-6,000) -3,704,000  pounds  per  square 
inch. 

Ultimate  strength. 

2,000    '         .0110 
3,000              .0161 
4,000    ,          .0218 
6,000    '          -02^4 

6,000 
5,000 
4,000 
3,000 
2,000 
1,000 

9,180 

.0680 
.0282 
.0231 
.0180 
.0128 
.0074 

.0026 

216,400 

1^ 
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No.  1454. 

Marks,  W'H.  Sept.l8. 

Composition:  Whitehall  cement,  neat. 

Water  used  in  gauging,  21.3  per  cent  of  cement. 

Age,  set  in  air,  21  aays. 

Weight  per  cubic  foot.,  136.1  pounds. 

Dimensions,  23". 98  X  3".87  X  6". 02. 

Sectional  area,  23.39  square  inches. 

Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,339 

100 

0. 

0. 

Initial  load. 

4,678 

200 

.0006 

0. 

7,017 

800 

.0012 

0. 

9,356 

400 

.0018 

0. 

U,696 

600 

.0024 

.0001 

14,034 

600 

.0030 

.0002 

16,873 

700 

.0036 

.0002 

18,712 

800 

.0042 

.0002 

21,051 

900 

.0048 

.0002 

23,390 

1,000 

.0054 

.0003 

28,068 

1,200 

.0068 

.0003 

32, 746 

1,400 

.0080 

.0004 

37,424 

1,600 

.0092 

.0004 

42,102 

1,800 

.0106 

.0005 

46.780 

2,000 

.0117 

.0006 

E  (500-2,000)=3,409,000  pounds  per  square  inch. 

51,458 

2,200 

.0131 

.0006 

1 

56,136 

2,400 

.0142 

.0007 

60,814 

2,600 

.0157 

.0008 

65.492 

2,800 

.0172 

.0009 

70, 170 

3,000 

.0184 

.0011 

74,848 

3,200 

.0200 

.0012 

79,526 

3,400 

.0214 

.0013 

84.204 

3,600 

.0230 

.0016 

88,882 

3,800 

.0246 

.0017 

93,560 

4,000 

.0262 

.0022 

E  (2,000-4,000)  =3,101,000  pounds  per  square 
inch. 

98,238 

4,200 

.0279 

.0024 

102,916 

4,400 

.0298 

.0027 

107,694 

4,600 

.0317 

.0082 

112,272 

4,800 

.0333 

.0035 

116,950 

5.000 

.0853 

.0039 

116,960 
85,400 

5,000 
3,650 

Load  left  on  priism  at  evening. 

Load  found  on  prism  in  the  morning,  16  hours 

186,800 

7,990 

later. 
Ultimate  strength. 

CEMENT   AND   MORTAR.       ELASTIC    PROPERTIES. 
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No.  1465. 
Marks,  W'H.  Oct.  6. 
Composition:  Whitehall  cement,  neat. 
Water  used  in  gauging,  21.3  i)er  cent  of  cement. 
Age,  set  in  air,  7  days. 
Weight  per  cubic  foot,  135.3  pounds. 
Dimensions,  24".20  X 3".86 X  6".05. 
Sectional  area,  23.35  square  inches. 
Gauged  length,  20". 


Applied  loadi). 

In  fcaiicred  length. 

RemarkH. 

Total. 

Per  sauare 
inch. 

Poumts. 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1,000 

1.200 

1,400 

1,600 

1,800 

2,000 

2,200 

2,400 

2,600 

2,800 

3,000 

3,200 

3.400 

3,600 

3,800 

4.000 

4.200 

4,400 

4,600 

4,800 

5,000 

5,000 

3,  MO 

5,960 

Compreu- 
sion. 

Set. 

Pounds. 
2.335 
4,670 
7,006 
9.340 
11,675 
14,010 
16,345 
18,680 
21,015 
23,:«0 
28,020 
.H2,e90 
37,360 
42,030 
46,700 
51,370 
56,040 
60,710 
65,380 
70,050 
74,720 
79,390 
84,060 
88,730 
93.400 
98,070 
102,740 
107,410 
112,080 
110,7.% 
116,750 
89,700 

139,200 

Inch. 

0. 
.0006 
.0014 
.0021 
.0027 
.0083 
.OWO 
.0046 
.0052 
.0059 
.0072 
.0085 
.0099 
.0112 
.0126 
.0143 
.0157 
.0172 
.0186 
.0205 
.0220 
.0239 
.0256 
.0276 
.0300 

.0353 
.0382 
..0405 
.0435 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.0001 
.0001 
.0001 
.0001 
.0001 
.0002 
.0003 
.0005 
.0006 
.0008 
.0009 
.0013 
.0015 
.0017 
.0020 
.0024 
.0027 
.0035 
.0010 
.WA9 
.0058 
.00tJ8 

Initial  load. 

E  (500-2,000)  -3,125,000  pounds  per  square  inch. 

K  ( 2,00(M,000)  ^2,667,000  pounds  per  square  inch, 
('racics  along  edge. 

Load  left  on  prism  at  evening. 

lioad  found  on  prism  in  the  morning,  16  hours 

later. 
Ultimate  8trength.  Age  when  fractured, 8 days. 
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No.  1456. 

Marks,  W'H.  Oct.  18. 

Composition:  Whitehall  cement,  neat. 

Water  used  in  gauging,  21.3  per  cent  of  cement. 

Age,  set  in  air,  2  daj's. 

Weight  per  cubic  foot,  137  pounds. 

Dimensions,  24".  11  X3".84X6".04. 

Sectional  area,  23.19  square  inches. 

Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Incn. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,319 

100 

0. 

0. 

InlUal  load. 

4.638 

200 

.0005 

0. 

% 

6,967 

300 

.0009 

0. 

9,276 

400 

.0014 

0. 

U,&95 

600 

.0020 

0. 

13,914 

600 

.0026 

0. 

16,233 

700 

.0032 

0. 

18,562 

800 

.0039 

0. 

20,871 

900 

.0W6 

0. 

28,190 

1,000 

.0061 

0. 

27,828 

1,200 

.0063 

.0001 

32,466 

1,400 

.0076 

Micrometer  disturbed. 

61,018 

2,200 

.0116 

-  .0006 

E  i500-2,'200)-3,366,000  pounds  per  square  inch. 

66,666 

2,400 

.0128 

-  .0004 

60,294 

2,600 

.0144 

-  .0001 

64,932 

2,800 

.0156 

0. 

69,570 

3,000 

.0170 

+  .0001 

74,208 

3,200 

.OlM 

.0003 

78,846 

3,400 

.0202 

.0006 

83,484 

3,600 

.0220 

.0010 

88,122 

3,800 

.0238 

.0013 

92,760 

4,000 

.0254 

.0016 

E  (riOO-4,000) -3,196,000  pounds  per  square  inch. 

97,398 

4,200 

.0273 

.0019 

102,036 

4,400 

.0296 

.0024 

106,674 

4,600 

.0325 

.0035 

111,312 

4,800 

.0346 

.0038 

116,960 

6,000 

Ultimate  strength. 

CEMENT    AND   MOBTAK.       ELASTIC   PROPEBTIES. 

No.  1457. 

Marks,  W'H.  Oct.  21. 

Composition:  Whitehall  cement,  neat. 

Water  used  in  gauging,  21.3  per  cent  of  cement. 

Age,  set  in  air,  25  nours. 

Weight  per  cubic  foot,  136.7  pounds. 

Dimensions,  24'MOX  3".80x  6".05. 

Sectional  area,  22.99  square  inches. 

Gauged  length,  20". 
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Applied  loadB. 

In  gauged  length. 

Remarlu. 

Total. 

Per  square 
inch. 

Pounds. 

Com- 
pression. 

Bet. 

Pounds. 

Inch. 

Inch. 

2,299 

100 

0. 

0. 

Initial  load. 

4,698 

200 

.0006 

0. 

6,897 

8U0 

.0013 

.0002 

9,196 

400 

.0019 

.0002 

11,495 

600 

.0026 

.0002 

13,794 

600 

.0033 

.0004 

16,093 

700 

.0039 

.0006 

18.392 

800 

.0046 

.0006 

20,691 

900 

.0063 

.0006 

22,990 

1,000 

.0069 

.0006 

25,289 

1,100 

.0066 

.0006 

27,688 

1,200 

.0074 

.0007 

29,887 

1,300 

.0080 

.0007 

32,186 

1,400 

.0087 

.0006 

34,485 

1,500 

.0096 

.0009 

36.784 

1,600 

.0102 

.0010 

41,:^ 

1,800 

.0117 

.0011 

45.980 

2,000 

.0131 

.0013 

E  (600-2,000)  -3,168,000  pounds  persquare  inrh. 

j        50,678 

2,200 

.0147 

.0016 

65,176 

2.400 

.0165 

.0018 

59,774 

2,600 

.0181 

.0020 

64,372 

2,800 

.0197 

.0028 

68,970 

3.000 

.0216 

.0026 

73,568 

3,200 

.0286 

.0029 

78,166 

3,400 

.0260 

.0084 

82,764 

3,600 

.0283 

.0040 

E  (600-3,600)»2,818,000  pounds  pernquare  inch. 

106,400 

4.680 

Ultimate  strength. 
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No.  1490. 

Marks,  C.  July  2. 

Composition:  Cathedral  cement,  neat. 

Water  used  in  gauging,  28.8  per  cent  of  cement. 

Age,  set  in  air,  2  months  3  days. 

Weight  per  cubic  foot,  112.5  pounds. 

Dimensions,  24".05 X  3".90 X  6".06. 

Sectional  area,  23.63  square  inches. 

Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

RemarkH. 

Total. 

Per  square 
Incn. 

Compres- 
sion. 

Set 

PouruU. 
2,363 
4,726 
7,089 
9,452 
11,815 
14, 178 
16,541 
18,904 
21,267 
23,680 
25,998 
28,356 
30,719 
33,082 
35,445 
87,808 
40, 171 
42.534 
44,897 
59,600 

Pounds. 

100 

200 

800 

400 

500 

600 

700 

800 

900 

1,000 

1,100 

1,200 

1,300 

1,400 

1,500 

1,600 

1,700 

1,800 

1,900 

2,520 

Inch. 

0. 
.0015 
.0080 
.0045 
.0061 
.0078 
.0096 
.0115 
.0132 
.0155 
.0177 
.0195 
.0220 
.0248 
.0274 
.0306 
.0347 
.0389 
.0435 

Inch. 

0. 

0. 
.0001 
.0003 
.0005 
.0009 
.0011 
.0017 
.0020 
.0029 
.0038 
.0043 
.0051 
.0062 
.0075 
.0094 
.0111 
.0140 
.0155 

Initial  load. 

E  ( 100-1,000) » 1 ,429,000  pounds  per  square  inch. 
Crack. 

Ultimate  strength. 

No.  1491. 
Marks,  C.  July  3. 

Composition:  Cathedral  cement,  1;  sand,  1. 
Water  used  in  gauging,  30.6  per  cent  of  cement. 
Age,  set  in  air,  2  months  3  days. 
Weight  per  cubic  foot,  123.9  pounds. 
Dimensions,  23".90X8".92x6".03. 
Sectional  area,  23.64  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,864 

100 

0. 

0. 

Initial  load. 

4,728 

200 

.0009 

0. 

7,092 

800 

.0018 

0. 

9,456 

400 

.0028 

.0001 

11,820 

500 

.0010 

.0003 

14,184 

600 

.0053 

.0006 

16,548 

700 

.0066 

.0009 

18,912 

800 

.0081 

.0018 

21,276 

900 

.0097 

.0017 

28,640 

1,000 

.0114 

.0023 

E  ( lOO-l  ,000) = 1 ,978,000  pounds  per  square  i  uch. 

28,368 

1,200 

.0149 

.0034 

83,096 

1,400 

.0190 

.0060 

87,824 

1,600 

.0244 

.0064 

42,552 

1,800 

.0314 

.0110 

47,280 

2,000 

.0886 

.0151 

E   (1,000-2,000)  =  1,389,000  poi'uds  per  square 

inch. 
Crack. 

52,006 

2,200 

.0495 

.0218 

64,200 

2,290 

Ultimate  strength. 

0£M£JD(T  AND    MOBTAB.       ELASTIC  FB0P£BTX£8. 

No.  1492. 

Marks,  C.  July  6. 

Composition:  Cathedral  cement,  1;  sand,  2. 

A^e,  set  in  air,  2  months. 

Weight  per  cubic  foot,  123.6  pounds. 

Dimensions,  24".  18X3". 90X6". 05. 

Sectional  area,  23.60  square  inches. 

Gauged  length,  20". 
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Applied  loadB. 

In  ffauflred  Icnfrth. 

Remarka. 

Total. 

Peruquare 
inch. 

Compres- 
aion. 

Bet. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,360 

100 

0. 

0. 

Initial  load. 

4,720 

200 

.0016 

.0001 

7,080 

300 

.0090 

.ooa*) 

9.440 

400 

.0044 

.0008 

11,800 

600 

.0068 

.0015 

14,160 

600 

.0068 

.0020 

16,520 

700 

.0113 

.0033 

18.880 

800 

.0148 

.0047 

21,240 

900 

.0178 

.0065 

23,600 

1,000 

.0219 

.0084 

E  (100-1,000) » 1,833,000  pounds  per  square  Inch. 

2.'>.960 

1.100 

.0600 

.0140 

28.320 

1,200 

.0365 

.0184 

29.400 

1,2S0 

Ultimate  strength. 

No.  1493. 

Marks,  C.  July  7. 

Composition:  Cathedral  cement,  1;  sand,  3. 

Water  used  in  gauging,  63.3  per  cent  of  cement. 

Age,  set  in  air,  2  months. 

Weight  per  cubic  foot,  120.1  pounds. 

Dhnensions,  24".  12 X  3". 91 X  6^'.07. 

Sectional  area,  23.73  square  inches. 

Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Bemarks. 

Total. 

Per  square 
incn. 

Pounds. 
2,878 
4,746 
7,119 
9,492 
11,865 
14,238 

Pounds. 
100 
200 
800 
400 
500 
600 

1 

Inch.      !      Inch. 

0.           t       0. 
.0026    '         .0008 
.0060    1         .0021 
.0106    !          .0044 
.0181              .OOtl 

Initial  load. 

E  (100-500)  =889,000  pounds  per  square  Inch. 
UlUmate  strength. 

H.  Doc.  336- 
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No.  1494. 

Marks,  S.  July  9. 

Composition:  Silica  cement,  neat. 

Water  used  in  gauging,  25.8  per  cent  of  cement. 

Age,  set  in  air,  1  month  28  days. 

Weight  per  cubic  foot,  117.8  pounds. 

Dimensions,  24".  22  X  3".  90  X  6". 02. 

Sectional  area,  23.48  square  inches. 

Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set, 

Pounds. 

2,348 

4,686 

7,044 

9,392 

11,740 

14,088 

16.436 

18,784 

21,132 

23,480 

28,176 

82,872 

87,568 

42,264 

46,960 

51,656 
56,352 

Pounds. 

100 

200 

800 

400 

500 

600 

700 

800 

900 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2.200 
2,400 

Inch. 

0. 

.0010 
.0020 
.0081 
.0045 
.0058 
.0072 
.0090 
.0105 
.0123 
.0164 
.0200 
.0253 
.0623 
.0402 

.0506 
.0640 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

.0001 
.0004 
.0006 
.0011 
.0024 
.0082 
.0053 
.0082 
.0124 

.0175 
.0244 
.0236 

IniUal  load. 

E  ( 100-1,000)  =1,607,000  pounds  per  square  inch. 

Cracks.    E  ( 1,000-2,000) » 1,205,000  pounds  per 
square  inch. 

After  5  minutes. 

After  6  minutes. 
After  10  minutes. 
After  15  minutes. 
After  20  minutes. 

After  5  minutes. 
After  10  minutes. 

Ultimate  strength. 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,400 

1,200 

1,000 

800 

600 

400 

200 

.0246 
.0276 
.0810 
.0342 
.0378 
.0415 
.0454 
.0500 
.0479 
.0467 
.0430 
.0401 
.0368 
.0330 
.0281 

.0260 
.0256 
.0242 
.0240 
.0240 

200 
400 
600 
800 

1,000 

800 
600 
400 
200 

2,520 

.0253 
.0282 
.0317 
.0852 
r        .0388 
.0896 
.0400 
.0377 
.0349 
.0315 
.0278 

.0253 

69,100 
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No.  U95. 

Marks,  S.  July  10. 

Composition:  Silica  cement,  1;  sand,  1. 

Water  used  in  gauging,  32  per  cent  of  cement. 
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Age,  Bet  in  air,  1  month  29  days. 


height  per  cubic  foot,  126.9  pounds. 
Dimensions,  24".20x3".92x6".06. 
Sectional  area,  23.76  square  inches. 
Gauged  length,  20". 


AppUed  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Cdmprea- 
sion. 

Set. 

Pounds. 
2,376 
4,762 
7,128 
9,504 
11,880 
14,266 
16,632 
19,008 
21.384 
23,760 
26.136 
28.512 

Pounds. 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1,000 

1.100 

1,200 

Inch. 

0. 

.0016 
.0029 
.0044 
.0064 
.0084 
.0112 
.0146 
.0187 
.0241 
.0383 
.0486 

Inch. 

0. 
.0004 
.0005 
.0010 
.0017 
.0021 
.0034 
.0049 
.0070 
.0101 
.0178 
.0207 

IniUal  load. 

E  (100-1,000)>=1,286,000  pounds  persquare  inch. 

Crack.    Ultimate  strength.    Failed  on  second 
application  of  1,200  pounds  per  square  inch. 

No.  Ul>6. 

Marks,  S.  July  11. 

Composition:  Silica  cement,  1;  sand,  2. 
Water  used  in  gauging,  44  per  cent  of  cement. 
Age,  set  in  air,  1  month  28  days. 
Weight  per  cubic  foot,  122.4  pounds. 
Dimensions,  24".20X3".92X6".03. 
Sectional  area,  23.64  square  inches. 
Gauged  length,  20''. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pouttds. 
2,364 
4,728 
7,092 
9,466 
11,820 
14,184 
14,600 

Pounds. 
100 
200 
300 
400 
500 
600 
618 

Inch. 

0. 
.0024 
.0056 
.0101 
.0172 
.0360 

Inch. 

0. 

.0006 
.0019 
.0040 
.0084 
.0228 

Initial  load. 

£  (100-^00)  =909,0UU  pounds  per  square  inch. 
Ulimate  strength. 
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No.  1497. 


11^ 


Marks,  S.  July  12. 

Composition:  Silica  cement,  1;  sand,  3. 
Water  used  in  gauging,  58  per  cent  of  cement. 
Age,  set  in  air,  1  m6nth  27  days. 
Weight  per  cuoic  foot,  120.8  pounds. 
Dimensions,  24".16x3".90x6".03. 
Sectional  area,  23.52  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Pounds. 
100 
200 
300 
400 

404 

Compres- 
sion. 

Set. 

Pounds. 
2,352 
4,704 
7,056 
9.408 

9.600 

Inch. 

0. 
.0042 
.0113. 
.0320 

Inch. 

0. 

.0017 
.0059 
.0225 

Initial  load. 

Crack.    E  (10(M00)  =632,000  pounds  per  square 

inch. 
Ultimate  strength. 



No.  1498. 

Marks,  S.  July  11. 

Composition:  Silica  cement,  neat. 

Water  used  in  gauging,  20  per  cent  of  cement. 

Age,  set  in  air,  1  month  28  days. 


height  per  cubic  foot,  116.3  pounds. 
Dimensions,  24".06  X  3".92 X  6^'.02. 
Sectional  area,  23.60  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
incn. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

7m*. 

2,360 

100 

0. 

0. 

Initial  load. 

4,720 

200 

.0017 

.0002 

7,080 

300 

.0033 

.0004 

9,440 

400 

.0047 

.0005 

11,800 

500 

.0060 

.0006 

14,160 

6U0 

.0075 

.0010 

16,520 

700 

.0091 

.0011 

18,880 

800 

.0109 

.0012 

21,240 

900 

.0124 

.0018 

23,600 

1,000 

.0146 

.0024 

E  (100-1,000)=^  1,475,000  pounds  per  square  inch. 

28.320 

1,200 

.0184 

.0038 

83,040 

1,400 

.0231 

.0047 

87,760 

1,600 

.0292 

.0086 

42,480 

1,800 

.0865 

.0105 

47,200 

2,000 

.0445 

.0144 

Cracks     E  (1,000-2,000) -1,117,000  pounds  per 
square  inch. 

51,920 

2,200 

.0680 

.0224 

66,700 

2,400 

Ultimate  strength. 

CEMENT   AND   MOBTAR.       ELASTIC   PBOPEBTIES. 

No.  1473. 

Marks,  Aus.  March  15. 

Composition:  Austin  cement,  neat. 

Water  used  in  gauging,  34.3  per  cent  of  cement. 

Age,  set  in  air,  2  months  14  clays. 

Weight  per  cubic  foot,  100.6  pounds. 

Dimensions,  24".00x3".89x6".01. 

Sectional  area,  23.26  square  inches. 

Gauged  length,  20''. 
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Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compre^l       3,, 

Pounds. 
2,326 
4,652 
6,978 
9.804 
11,630 
13,966 
14.200 

•  Pounds. 
100 
200 
300 
400 
600 
600 
610 

Inch.             Inch. 

0.                   0. 
.0035    ,         .OOOC) 
.0071    '          .0009 
.0119    :          .0017 
.0174              .0033 
.0266              .0070 

Initial  load. 

E  (100-500)  =567,000  pounds  per  square  inch. 
Ultimate  strength. 

No.  1472.      • 

Marks,  N.  &  R.  March  14. 

Composition:  Newark  &  Rosendale  cement,  neat. 

Water  used  in  gauging,  37.1  per  cent  of  cement. 

Age,  set  in  air,  2  months  15  days. 

Weight  per  cubic  foot,  99.5  pounds. 

Dimensions,  24".00x3".89x6".00. 

Sectional  area,  23.34  square  inches. 

Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarka. 

Total. 

Per  square 
incn. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2.384 

100 

0. 

0. 

InltUl  load. 

4,668 

200 

.0030 

.0019 

7.002 

800 

.0186 

.0036 

9,336 

400 

.0200 

.0065 

11,670 

630 

.0263 

.0096 

E  (100-500)  »485,000  pounds  periquare  inch. 
Cracked  along  one  edge. 

14,004 

600 

.0335 

.0151 

16,338 

700 

.0585 

.0345 

Ultimate  strength. 
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No.  1476. 

Marks,  N.  &  R.  May  1. 

Composition:  Newark  and  Ro^endale  cement,  neat. 
Water  used  in  gauging,  37  per  cent  of  cement. 
Age,  set  in  water,  1  month.     (First  day  in  air.) 
Weight  per  cubic  foot  (immediately  after  being  taken  from 
water),  120  pounds. 
Dimensions,  24".07x 3".86X 6".08. 
Sectional  area,  23.47  square  inches. 
Gauged  length,  20". 


the 


Applied  loadH. 

In  Kaugred  length. 

Remarks. 

Total. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 

• 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,347 

100 

0. 

0. 

Initial  load. 

4,694 

200 

.0019 

.0001 

7,041 

800 

.0041 

.0004 

9.888 

400 

.0064 

.0006 

11,785 

600 

.0091 

.0010 

E  (100-600)=' 988,000  pounds  per  square  inch. 

14,062 

600 

.0122 

.0014 

16,429 

700 

.0165 

.0022 

18,776 

800 

200 
300 
400 
500 
600 
500 
400 
300 
200 

.0230 

.0064 
.0087 
.0116 
.0146 
.0177 
.0169 
.0136 
.0110 
.0082 

.0012 

.0048 

Test  discontinued.     Prism  returned  to  the  water  bath. 
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No.  1476a. 
Test  resumed  after  an  interval  of  4  months. 


Applied  loadD. 

In  gauge 

Compres- 
■ion. 

Inch. 

0. 

.0011 
.0080 
.0062 
.0075 
.0101 

.0127 
.0155 
.0186 
.0220 
.0263 

.0310 
.0368 

d  length. 

Remarka. 

Total. 

PerRouare 
inch. 

Set. 

Pounds. 
2,347 
4,694 
9,388 
14,082 
18,776 
23,470 

28,164 
32,858 
37,552 
42,246 
46,940 

51,634 
66,328 

PouwU. 
100 
200 
400 
600 
800 
1,000 

1,200 
1.400 
1,600 
1,800 
2,000 

2,200 
2,400 

Inch. 

0. 

0. 

0. 
.0001 
.0002 
.0002 

.0008 
.0005 
.0007 
.0011 
.0015 

.0020 
.0030 
.0024 

Micrometer  reset  at  sero. 

£  (10a-1.000)»l,818.000    poundii    per 
inch. 

E  (1.000-2,000)  =1.342.000  pounds  per 
inch. 

After  5  minutes*  rest, 
intimate  strength. 

square 
square 



200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2,600 
2,720 

.0035 
.0058 
.0084 
.0116 
.0144 
.0177 
.0208 
.0241 
.0274 
.0003 

.0458 

.0032 
.0045 

61,022 
68.800 

No.  1487. 
Marks,  O.  June  27. 
Composition:  Obelisk  cement,  neat. 
Water  used  in  gauging,  40.5  per  cent  of  cement. 
A^e,  set  in  air,  2  months  8  days. 
Weight,  per  cubic  foot,  107.0  pounds. 
Dimensions,  24".02x3".89x6'\05. 
Sectional  area,  23.53  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

1 

Remarks. 

Total. 

Per  square 
inch. 

Compres-  ' 
sion. 

Set. 
Inch. 

Pounds. 

Pounds. 

Inch. 

2.853 

100 

0. 

0. 

Initial  load. 

4,706 

200 

.0025 

.0006 

7,059 

300 

.0060    1 

.0009 

9.412 

400 

.0076    1 

.0018 

J 

11,765 

600 

.0102 

.0020 

1  E  (lOO-MW)  »976,000  pounds  per  square  inch. 

14,118 

600 

.0138 

.0081 

16,471 

700 

.0178 

.0044 

18.824 

800 

.0218 

.0060 

21,177 

900 

.0258    ' 

.0078 

Cracked  along  comer. 

28,530 

1,000 

.0823 

.0120 

E  ( 600-1.000)  ^826,000  pounds  per  square  inch. 

25,888 

1,100 

.0895 

.0157 

28,236 

1,200 

.0526 

.0245 

1 

88,700 

1.480 

>  Ultimate  strength. 
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No.  1488. 
Marks,  O.  June  28. 
Composition:  Obelisk  cement,  neat. 
Water  used  in  gauging,  35  per  cent  of  cement. 
Affe,  set  in  air,  2  months  7  days. 
Weight,  per  cubic  foot,  116.6  pounds. 
Dimensions,  24".00x3".88x6".04. 
Sectional  area,  23.44  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

FouTids. 

Pounds. 

Inch. 

Inch. 

2,344 

100 

0. 

0. 

Initia  load. 

41688 

200 

.0019 

0. 

7,082 

300 

.0038 

.0005 

9,876 

400 

.0069 

.0009 

11,720 

500 

.0080 

.0015 

14,064 

600 

,0106 

.0022 

16,408 

700 

.0181 

.0029 

18,752 

800 

.0158 

.0039 

21,096 

900 

.0190 

.0053 

23,440 

1,000 

.0228 

.0069 

E  (100-1,000) =1,132,000  pounds  per 

square  inch. 

25,784 

1,100 

.0270 

.0094 

28,128 

1,200 

.0306 

.0110 

80,472 

1,300 

.0358 

.0144 

Cracks. 

82,816 

1,400 

.0418 

.0170 

86,160 

1,500 

200 
400 
600 
800 
1,000 
1,200 

.0470 

.0214 
.0250 
.0288 
.0829 
.0370 

.0206 

.0413 

1,000 
800 
600 
400 
200 

1,600 

.0389 

.0368 
.0325 
.0286 
.0240 

.0585 

.0215 
.0261 

87,604 

39,848 

1,700 

.0624 

.0304 

44,600 

1,900 

Ultimate  strength. 

CEMENT   AND   MORTAR.       ELASTIC   PROPERTIES. 

No.  1489. 
Marks,  O.  June  30. 

Composition:  Obelisk  cement,  1;  sand,  1. 
Water  used  in  gauging,  42  per  cent  of  cement. 
Age,  set.  in  air,  2  months  6  days. 
Weight  per  cubic  foot,  121.6  pounds. 
Dimensions,  24".10X 3".90x 6".02. 
Sectional  area,  23.48  square  inches. 
Gauged  length,  20". 
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Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  squire 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

P9und«. 

Inch. 

Inch. 

2,348 

100 

0. 

0. 

Initial  load. 

4,690                 200 

.0013 

0. 

7,044                  800 

.0026 

.0003 

9,392 

400 

.0045 

.0009 

U,740 

600 

.0069 

.0016 

14,088 

600 

.0096 

.0027 

16,436 

700 

.0123 

.0038 

18,784 

800 

.0167 

.0058 

21, 132 

900 

.0211 

.0082 

28,480 

1.000 

.0274 

.0117 

E  ( 100-1,000)  =1.146,000  pounds  per  square  inch. 

25,828 

1,100 

.0354 

.0171 

28,176 

1,200 

.0471 

.0248 

30,624 

1,800 

.0638 

.0879 

31,900 

1,330 

Ultimate  strength. 
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508  CEMENT   GBOUTS. 

Cement  Grouts. 

Star  Portland  cement,  with  and  without  plaster  in  its  composition, 
gauged  with  hot  and  cold  water. 

Tnis  series  of  grouts  was  made  with  cement  which  was  3  months  old 
at  the  time  of  gauging,  from  the  time  of  grinding. 

Batch  1,  cement  without  plaster,  was  gauged  with  27^  per  cent  of 
ice  water  at  the  temperature  of  about  32^^  f .  It  made  a  mortar  of 
ordinary  consistency,  as  generally  used  in  stone  masoniy .  Two  min- 
utes after  mixing  the  batch  stiffened.  It  was  broken  up  and  at  once 
tamped  into  the  molds. 

Batch  2  was  gauged  with  40  per  cent  of  water  at  the  temperature  of 
about  32°  F.  There  was  an  interval  of  4  minutes  after  mixing  before 
the  material  took  a  thick,  pasty  state.  Six  minutes  after  mixing  it 
was  tamped  into  the  molds.  When  broken  up  it  was  a  stiff,  granular 
mass,  but  flushed  water  when  tamped. 

Batch  3  was  made  from  a  barrel  of  cement  freshly  opened.  The 
other  material  of  this  series  came  from  a  barrel  which  had  been  opened 
for  a  number  of  weeks.  This  batch  was  gauged  with  the  same  amount 
of  water  as  No.  2,  and  at  the  same  temperature.  It  made  a  thick  grout 
which  lost  some  of  its  consistency  upon  standing,  and  water  came  to 
the  surface.  It  had  not  thickened  2^  hours  after  mixing,  at  which 
time  the  surface  water  was  stirred  in  and  the  material  put  m  molds. 

Batch  4  was  gauged  with  50  per  cent  water  at  32°  F.  Sixteen  min- 
utes after  mixing  tne  batch  had  acquired  a  thick,  gelatinous  state,  and 
was  then  put  into  molds. 

Batch  5  was  gauged  with  40  per  cent  of  hot  water  at  the  tempera- 
ture of  190°  F.  It  made  a  thin  mortar,  which  was  at  once  put  into 
the  molds. 

Batch  6  was  gauged  with  60  per  cent  of  hot  water  at  the  temperature 
of  170°  F.  It  made  a  very  thick  grout,  which  was  immediately  poured 
into  the  molds. 

Batch  7  was  gauged  with  40  per  cent  of  water  at  32°  F.  In  this 
instance  the  cement  was  also  cooled  before  using.  The  mixture  did 
not  thicken  into  a  paste,  and  7  hours  after  gauging  was  put  into  the 
molds,  a  fairly  thick  grout. 

Batch  8  was  gauged  with  30  per  cent  of  water  at  32°  F.  The  cement 
was  not  cooled.  Lne  water  was  absorbed  and  the  material  became  a 
fairly  stiff  paste  25  minutes  after  mixing,  and  was  in  the  molds  5 
minutes  later. 

Batch  9  was  made  of  cement  with  plaster,  the  ordinary  commercial 
cement.  It  was  gauged  with  30  per  cent  of  water  at  32°  F.  Forty 
minutes  after  mixing  the  material  had  stiffened,  and  was  then  put  into 
molds. 

The  material  of  the  several  batches  set  in  air,  and  were  tested  when 
a  few  days  over  a  month  old. 
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Tensile  and  Compbessive  Tests  and  Determination  of  Fineness 
AND  Specific  Gravitt  of  Cement. 

Brand,  Peninsular  cement,  neat. 

TENSILE  TESTS. 

Ten  briquettes  of  each  kind  tested. 


Water. 

Age  in- 

Tensile  strength  per  square  inch. 

Air. 

Water. 

Maximum. 

Minimum. 

Mean. 

Per  cent. 
20 
20 
20 
20 
20 

22 
22 
22 
22 
22 

26 
26 
25 
25 
25 

Days. 
28 

28 

28 

Days. 

Pounds. 
221 
898 
641 
835 
952 

209 
482 
518 
724 
1,010 

223 
475 
652 
388 
807 

Pounds. 
177 
301 
487 
658 
867 

156 
SOS 
421 
502 
782 

148 
301 
393 
251 
696 

Pounds. 
196 
364 
666 
780 
906 

189 
892 
467 
666 
866 

190 
402 
460 
329 
758 

6 

27 

6 

27 

6 
27 

COMPRESSIVE  TESTS,  2"  CUBES. 

Ten  cubes  of  each  kind  tested. 


Water. 

Age  in- 

Compressive  strength  per  square 
inch. 

Air. 

Water. 
Days. 

Maximum. 

Minimum. 

Mean. 

Percent. 
20 
20 
20 
20 
20 

22 
22 
22 
22 
22 

26 
26 
25 
25 
26 

Days. 

28 

28 
28 

Pounds. 
801 
3,430 
4,870 
4.830 
8,280 

670 
3,680 
4,310 
6,370 
7,810 

460 
3,210 
3.650 
4,440 
8,740 

Pounds. 
654 
2,700 
3,490 
3,770 
5.730 

530 
3,010 
3.080 
8,620 
6,360 

398 

Pounds. 
717 
3,040 
3,990 
4.250 
7.370 

595 
3.260 
3.760 
4.720 
6.870 

430 

6 
27 

6 
27 

2,120              2.610 
2,630              S.ISO 

6 

27 

3,360 
6,310 

3.880 
7,680 

Fineness:  Per  cent. 

Retained  on  96x100  sieve 4.95 

Passed  by  96x100  sieve  and  retained  on  174x182  bolting  cloth 19.75 

Passed  by  174x182  bolti»g  cloth 76.30 

Specific  navity: 

As  taken  from  barrel 3.20 

After  mixing  ivith  22  per  cent  of  water,  setting  7  days  in  air,  reground,  and  heating  Ut  a 

constant  weight  at  110°  C 2.81 
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CEMENT. 


Chemical  analysis. 

Per  cent 

Silica 24.21 

Oxide  of  iron 8.88 

Alumina 1125 

Lime 66.41 

Magnesia 160 

Sulphur  trioxide 1. 25 

Carbon  dioxide 1.60 

Compression   Tests  of   Cement-Mortar  Cubes    for  the   U.  S. 

Engineer  Corps. 

The  following  data,  with  regard  to  composition  and  age,  were  fur- 
nished by  the  Engineer  Corps: 


Marka 

Date  of 
fabri- 
cation. 

Cement. 

Sand. 

Parts 
by 

sand 
to  one 
of  ce- 
ment. 

1-1 

1-U 
1-2 

It 
11* 

Water 
to  dry 
aggre- 
gates. 

Age  when  bro- 
ken. 

Kind. 

Brand. 

Atlas. 

....do. 
....do. 
....do. 
....do. 

Kind. 

Superior 
Entry. 

....do.... 
....do.... 
....do.... 
....do.... 
....do.... 
....do.... 

Fineness. 

lA.. 

2A.. 
3A.. 
4A.. 
5A.. 
6A.. 
7A.. 

1899. 
Dec.  4 

Dec.  5 
Dec.  8 
Dec.  7 
Dec.  9 
Dec.  11 
Dec.  12 

rr«. 

2 

2 
2 
2 
2 
2 
2 

Mos. 
5 

5 
5 
6 
6 
6 
5 

19 
16 
17 
15 
13 
12 

Poriland  . 

do.... 

do.... 

do.... 

do.... 

18.62  per  cent 
passing  30 
sieve. 

do 

do 

do 

do 

do 

do 

P€rcnU. 
9.07 

8.39 
7.94 
7.61 
7.36 
7.17 
7.03 

do.... 

do.... 

....do. 
....do. 

Cubes  were  kept  3  months  in  dry  air, 
then  kept  in  air  until  date  of  crushing. 


15  days  in  water  at  65°  F. 


Compressed  surfaces  faced  with  plaster  of  paris  to  secure  even  bear- 
ings in  the  testing  machine. 


Dimensions. 

Ultimate  strength. 

Sec- 

Marks. 

tional 

First  crack. 

Height. 

Compressed  sur- 
face. 

area. 

Total. 

Per  square 
inch. 

Pounds. 

Inches. 

Inches. 

Inches. 

Sq. inches. 

P(yunds. 

Pounds. 

lA.. 

6.03 

6.05 

5.97 

86.12 

409.200 

409,200 

11,330 

2A.. 

6.02 

6.98 

6.03 

36.06 

871,000 

374,500 

10,390 

8A.. 

6.03 

6.02 

5.97 

35.91 

841,000 

342,000 

9,520 

4A  .. 

6.02 

5.97 

6.03 

36.00 

289,000 

292,100 

8,110 

^A.. 

6.04 

5.98 

6.04 

86.12 

219,000 

221,800 

6,140 

6A.. 

6.03 

5.97 

6.03 

36.00 

226,000 

226,000 

6,280 

7A.. 

6.02 

6.03 

6.98 

36.06 

183.000 

188,500 

5,230 

COKOBBTE. 
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OONOBETE. 


COMPRESSION   TESTS   OF   12-INCH   CONCRETE   CUBES  FURNISHED  BY  THE 
BOSTON   ELEVATED  RAILWAY  COMPANY. 


Atlas  cement  used.     Set  in  air. 


Marks. 

Composition. 

Weight. 

Age. 
Days, 

Cemeut 

Sand. 

Stone. 

Total. 

Per  cubic 
foot. 

1 
2 
8 
4 
6 
6 

2 
2 
2 
3 
8 
8 

4 

4 
4 
6 
6 
6 

Pounds. 
161 
152 
164.6 
164 
168 
162.6 

Pounds. 
149.5 
160.6 
161.5 
149.5 
160.0 
148.0 

Compressed  surfaces  faced  with  plaster  of  paris. 


Marks. 

Dimensions. 

Sec- 
tlonal 

First  crack. 

Compressive  strength. 

Height. 

Compressed  sur- 
face. 

area. 

Total. 

Per  square 
inch. 

Inches. 

Inches.      Inches. 

Sq.  inches. 

Pounds. 

Pounds. 

Pounds. 

1 

12.02 

12.06          12.02 

144.96 

174,000 

187,100 

1,290 

2 

12.00 

12.11    ,      12.06 

146.06 

162,600 

177,800 

1,220 

3 

12.02 

12. 12 

12.11 

146.77 

188,000 

205,600 

i,m 

4 

12.09 

12.08 

12.16 

146.89 

117,000 

186,500 

1,260 

6 

12.09 

12.03 

12. 15 

146. 16 

124,000 

161,100 

1,100 

6 

12.08 

12.16 

12.14 

147.50 

99,000 

118,400 

800 

GLASS. 


TRANSVERSE    TESTS. 


616 


GLASS.  517 

Glass. 

TRANSVEBSK  TESTS. 

Lights  of  common  window  glass  supported  at  the  ends  and  loaded 
at  the  middle. 


Length,  ^  feet  6  inches. 
Depth,  .121  inch. 
Width,  4.95  inches. 
Span,  2  feet. 


Total  load 
at  middle. 

Deflec- 
tionu. 

SucccMRlve 
defleetlonfi. 

Set. 

KemarkM. 

F^nds. 
1.5 
2.0 
2.5 
8.0 
8.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 

Inch. 

0. 

.0198 
.0850 
.0584 
.0717 
.0909 
.1099 
.1288 
.1480 
.1667 
.1860 
.2047 
.2239 

Inch. 

0. 

.0198 
.0157 
.0184 
.0183 
.0192 
.0190 
.0189 
.0192 
.0187 
.0193 
.0187 
.0192 

Inch. 

Initial  load. 
QlaM  mptured. 

0. 

.0003 

Modulus  of  rupture,  3,730  pounds  per  square  inch.     Modulus  of 
eliLsticit}'  (between  4  and  7  pounds),  10,300,000  pounds  per  square  inch. 

Length,  2  feet  2  inches. 
Depth,  .119  inch. 
Width,  5.02  inches. 
Span,  2  feet. 


Total  load 
at  middle. 

Deflec- 
tion!). 

deflections. 

Inch. 

0. 

.0185 
.0179 
.0174 
.0188 
.0182 
.0182 
.0182 
.0188 
.0188 
.0016 

Setii. 

RemarkR. 

Pounds. 
1.5 
2,0 
2.5 
8.0 
8.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.0 
6.0 

Inch. 

0. 

.0135 
.0814 
.0488 
.0871 
.0858 
.1085 
.1217 
.1400 
.1588 
.1599 
.1595 

Inch. 

InlUal  load. 

After  18  houra  under  6  poundn  load. 

.0007 

.0011 

Glass  ruptured  21  hours  after  the  6-pound  load  was  applied — 3  hours 
after  the  last  set  was  taken. 

Modulus  of  rupture,  3,040  pounds  per  square  inch.  Modulus  of 
elasticity  (between  3  and  6  pounds),  11,190,000  pounds  per  square  inch. 


DOUGLAS  FIR  AND  WHITE  OAK  WOODS. 


TRANSVERSE  AND  SHEARING  TESTS;  AISO  OBSERVATIONS  ON  HEAT 
CONDUCTIVITY  OF  STICKS  OVER  WOOD  FIRES  AND  A  STICK 
EXPOSED  TO  LOW  TEMPERATURE.     EXPANSION  CROSS- 
WISE THE  GRAIN  OF  WOOD  AFTER  SUBMERSION. 
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douglas  fir  and  white  oak  woods. 

Douglas  Fib  Wood. 

details  of  transverse  tests. 

No.  717. 
Marks,  7.     (First  specimen.) 
Length,  12  feet. 
Breadth,  7".  59. 
Depth,  7". 68. 

Weight,  166  pounds.     Weight  per  cubic  foot,  32.83  pounds. 
Rate  of  growth,  12  rings  per  inch. 


521 


1 

4: 


■fh 


/C 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applies 
Total. 

i  InadR. 

Maximtim 

fiber  8tre«H 

per  square 

inch. 

Found*. 

Deflec- 
tionn. 

Itwhet, 
0. 
.087 
.110 
.179 
.262 
.824 
.398 
.468 
.641 
.616 
.687 
.764 
.838 

.909 
.984 
1.069 
1.142 
1.222 

SuocesBive 
deflec- 
tions. 

Incfi. 
0. 
.087 
.078 
.069 
.078 
.072 
.074 
.070 
.078 
.074 
.072 
.077 
.074 

.071 
.076 
.075 
.083 
.060 

Deflection 
sets. 

Remarka. 

600 
1,000 
2,000 
8,000 
4,000 
6.000 
6.000 
7,000 
8.000 
9,000 
10,000 
11,000 
12,000 

18,000 
14,000 
16,000 
16,000 
17,000 
27.800 

Inch. 

Initial  load. 

E  (2,000-12,000) -1.826.000  iH>nnd8 
per  square  inch. 

UlUmate  strength. 

.002 

.006 

.006 

.008 

.011 

.014 



.017 

11,470 



Solintering  fracture  on  the  tension  side,  with  crushing  of  the  fibei*s 
on  the  compression  side  in  the  vicinity  of  the  middle  shoe. 
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DOUGLAS   FIB   AND    WHITE   OAK    WOODS, 
No.  734. 


Marks,  7.     (Second  specimen.) 

Length,  8.23  feet. 

Breadth,  7".37. 

Depth,  7".44. 

Weight,  112  pounds.     Weight  per  cubic  foot,  35.72  pounds. 

Bate  of  growth,  12  rings  per  inch. 

I 


hf 


1* 


^ 


Ends  supported  7.5  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loadii. 

Deflec- 

tiOM. 

SucoesBlve 
deflec- 
tions. 

Deflection 
sets. 

Remarks. 

1 

Total. 

Maximum 
Aber  strew 

Pounds. 
600 
1,000 
2,000 
8,000 
4,000 
6,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 

13.000 
14,000 
16.000 
16,000 
17.000 
18.000 
19,000 
20.000 
86,600 

PoundM. 

Inch. 
0. 

.014 
.047 
.079 
.111 
.143 
.175 

Inch. 
0. 

.014 
.088 
.032 
.082 
.082 
.QS2 

Inch. 

Initial  load. 

.002 

£  (2,000-12.000) -1,943,000  pounds 
per  square  inch. 

Ultimate  strength. 

.004 

.006 

.206                .061 
.238    1           .032 
.269                .061 
.300    1           .061 
.382               -0S» 

.008 

.009 

.365 

.395 
.427 
.463 
.496 
.531 
.563 
.597 
.628 

.083 

.090 
.082 
.096 
.083 
.065 
.062 
.034 
.081 

.011 

.013 

.014 

.017 

12,110 

Beam  fractured  on  the  tension  side,  followed  by  shearing  along  the 
grain. 


DOUGLAS   FIB   AND   WHITE   OAK   WOODS. 

No.  718. 
Marks,  12. 
Length,  12  feet. 
Breadth,  7".67. 
Deijth,  7".64. 

Weight,  169  pounds.     Weight  per  cubic  foot,  33.43  pounds. 
Rate,  of  growth,  11  rings  per  inch. 

i 
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/O* 
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Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loads. 

Deflec- 
tions. 

Sucnenive 
deflec- 
tions. 

Deflection 
sets. 

Remarks. 

Total. 

Pounds. 
600 
1,000 
2.000 
S,O0O 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11.000 
12,000 

13.000 
14,000 
16,000 
16,000 
17.000 
23,900 

Maximum 

fiber  stress 

per  square 

inch. 

Pmtndt, 

Inches. 
0. 

.040 
.117 
.194 
.270 
.846 
.421 
.496 
.677 
.650 
.726 
.804 
.881 

.967 
1.042 
1.124 
1.211 
1.296 

Inch. 
0. 
.040 
.077 
.077 
.076 
.076 
.076 
.077 
.079 
.078 

Inch, 

Initial  load. 

K  (2,000-12.000) -1,777.000  pounds 
per  square  Inch. 

Ultimate  strength. 

.008 

.006 

.009 

.012 

.076 

.016 

.078 
.077 

.076 
.086 
.082 
.087 
.084 

.018 

10.000 

Splintering  fracture  on  the  tension  side,  with  crushing  of  the  fibers 
on  uie  compression  side  in  the  vicinity  of  the  middle  shoe. 
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DOUGLAS    FIR   AND    WHITE    OAK    WOOD8. 
No.  707. 


Marks,  18. 
Length,  12  feet. 
Breadth,  6".50. 
Depth,  13".40. 


Weight,  211  pounds.     Weight  per  cubic  foot,  34.36  pounds, 
ftate  of  growth,  9  rings  per  incli. 


I 


1 

•   "711 

•*•• 

— ^ 

/O' 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loads. 

Deflec- 
tions. 

Successive 
deflec- 
tions. 

Deflt'tnJipil 

Remarks. 

Total. 

Maximum 

fiber  streiw 

per  square 

inch. 

J'oundt. 

200 

1,000 

2,000 

8.000 

4,000 

5,000 

6,000 

7.000 

8,000 

9,000 

10.000 

11,000 

12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 

21,000 

41,000 

Ptmndtt. 

Tnch. 
0. 
.028 
.049 
.075 
.102 
.128 
.154 
.178 
.202 
.226 
.252 
,277 

.804 
.881 
.859 
.888 
.411 
.439 
.472 
.509 
.548 

Twh. 
0. 

.028 
.026 
.026 
.027 
.026 
.026 
.024 
.024 
.024 
.026 
.025 

.027 
.027 
.028 
.029 
,.028 
.028 
.033 
.037 
.084 

I»rh. 

JiiUIkI  Um*L 

E  (1,000-11.000) =1.285,000  pounds 
per  .squnn>  inch. 

Shoe  at  middle  Indented  the  wood 
y.    Shoe5*^widenowiu»ed. 

Shoe  Indented  the  wood  \ ".  Slioe 
8»  wide  now  used. 

Ultimate  strength. 

7,470 

The  beam  fractured  on  the  tension  side,  3  feet  from  middle  of  length, 
extending  about  6  feet  diagonally  across  the  stick.  Shoe  at  middle 
bearing  indented  the  wood  from  i"  to  f". 


DOtJOLAS   FIB   AND   WHITE   OAK   WOODS. 


525 


No.  720. 
Marks,  15.     (First  specimen.) 
Length,  11.07  feet. 
Breadth,  2".80. 
Depth,  7".65. 

Weight,  56  pounds.     Weight  per  cubic  foot,  38.98  pounds. 
Bate  of  growth,  23  rings  per  inch. 


I 


1 

.jCL 


TT 


io* 


^ 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loads. 

Successive 
deflec- 
tions. 

l>eflection 
sets. 

Inch, 

Total. 

Maximum 
fiber  strew 

^'inX" 

Deflec- 
tions. 

Remarks. 

200 
400 
600 

PownO*. 

Inch. 
0. 
.038 
.076 
.111 
.161 
.838 
.618 
.695 

.871 
1.061 
1.100 
1.187 
1.188 
1.227 

i.2n 

Imch, 
0. 
.088 
.087 
.036 
.040 
.182 
.180 
.182 

.176 
.190 
.089 
.087 
.046 
.044 
.060 

Initial  load. 

800 

E  (1,000^,000)  »  1,918,000  poundn 
per  square  inch. 

1,000 

.001 
.001 
.002 
.006 

.010 

2,000 

8,000 
4,000 

5,000 
6,000 
6.200 
6,400 
6,600 
6.800 
7,000 
10,200 

ii,266 

Ultimate  strength. 

, 

Splintering  fracture   on  the  tension   side  of  the  beam, 
crushed  at  the  middle  bearing. 


Fibera 


526  DOUGLAB   FIB   AND   WHITE   OAK   WOODS. 

No.  719. 

Marks,  15.     (Second  specimen.) 

Length,  11.06  feet. 

Breadth,  2".86. 

Deijth,  r'.SO. 

Weight,  66  pounds.     Weight  per  cubic  foot,  33.97  pounds. 

Rate  of  growth,  23  rings  per  inch. 

1 


'^^J^r 


3 


/o* 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


AppUed  loadH. 

Deflec- 
tiona. 

SucceaBive 
deflec- 
tions. 

Deflection 

BOUi. 

Remarks. 

1 

Total. 

fiber  stress 

persqu&re 

inch. 

Poundg. 

200 

400 

600 

800 

1,000 

2,000 

3,000 

4,000 
6,000 
6,000 
6,200 
6,400 
6.600 
6,800 
7,000 
7,700 

P&undg. 

Inches. 
0. 
.089 
.078 
.U6 
.162 
.889 
.682 

.717 
.907 
1.118 
1.160 
1.206 
1.256 
1.909 
1.368 

Inch. 
0. 

.089 
.089 
.088 
.086 
.187 
.198 

.186 
.190 
.211 
.042 
.046 
.060 
.068 
.069 

Inch. 

Initial  load 

.004 
.008 
.013 

.016 
.021 

E  (1,000-3,000)  -  1,930,000  pounds 
per  square  inch. 



8,610 

niti mate  strength. 

Split  along  the  grain  diagonally  from  near  the  middle  almost  to 
the  end. 


DOUGLAS   FIR   AND   WHITE   OAK   WOODS. 
No.  712. 

Marks,  22.     (Tested  perpendicular  to  rings  of  growth.; 

Length,  12.02  feet. 

Breadth,  4".63. 

Depth,  4".61. 

Weight,  61  pounds.     Weight  per  cubic  foot,  35.74  pounds. 

Kate  of  growth,  12  rings  per  inch. 

I 

n. 


TT— 


-i^ 


HO 
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Ends  supported  10  feet  apart    Loaded  at  the  middle. 
Deflections  measured  at  toe  middle. 


AppUed  loads. 

Deflec- 
tions. 

Suoooflaive 
deflec- 
tions. 

Deflection 
sets. 

Remarks. 

Total. 

Maximum 
fiber  streflB 

Pounds, 
200 
400 
600 

1,000 
1,600 
2,000 

2,600 
8,000 
8,600 
4,000 
4,900 

Poundi. 

Inches. 
0. 

.086 
.186 
.867 
.604 
.827 

1.076 
1.812 
1.666 
1.809 

Inch. 
0. 

.066 
.049 
.282 
.227 
.288 

.248 
.287 
.248 
.264 

Inch, 

Initial  load. 

K  (1,000-2,000)-2,80^000    pounds 
per  square  inch. 

Ultimate  strength. 

.001 

.010 

9,670 

Splintering  fracture  on  the  tension  side,  taking  a  diagonal  direction 
a  distance  or  about  3  feet. 


528  DOUGLAS   FIR   AND   WHITE   OAK   WOODS. 

No.  713. 

No.  22.     (Tested  parallel  to  rings  of  growth.) 

Length,  12  feet. 

Breadth,  4".49. 

Depth,  4".  50. 

Weight,  60  pounds.     Weight  per  cubic  foot,  36.63  pounds. 

Rate  of  growth,  12  rings  per  inch. 

i 


CZ^ 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loads. 

Deflec- 
Uons. 

SuccessiTe 
deflec- 

tiODB. 

Deflection 
sets. 

Remarks. 

Total. 

Maximum 
fiber  strem 
peraquare 

Poundi. 

200 

400 

600 

1,000 

1,600 

2,000 

2,600 
8.000 
4.600 

Poundt. 

Tncha.     '      Inch. 
.0       1         0. 

Inch. 

Initial  load. 

E  (1.000-2,000)  =2.218,000  pounds 
per  square  inch. 

Ultimate  strength. 

.091 
.137 
.869 
.609 
.866 

1.100 
1.884 

.091 
.046 
.282 
.240 
.246 

.246 
.284 

.001 

.011 

8,910 

Split  along  the  grain  diagonally,  beginning  at  middle  and  extending 
almost  to  the  end. 


DOUGLAS   FIR    AND   WHITE    OAK    WOODS.  529 

No.  708. 

Marks,  28. 

Length,  11.99  feet. 

Breadth,  5".  52. 

Dei)th,  13".35. 

Weight,  207  pounds.     Weight  per  cubic  foot,  33.74  pounda. 

Rate  of  growth,  11  rings  per  inch. 


I 


1 

JCL. 


TT 


^rf-» 


.^.-^ 


/o' 


TT 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tnc  middle. 


AppUed  loads. 

Deflec- 
tions. 

Remarks. 

Total. 

Maximum 
fiber  Btrew 

^S^-^   PeflecUon 
tiOOB.       '         ^^ 

Poundi. 

600 

1,000 

2,000 

8,000 

4.000 

5,000 

6.000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

18.000 
14,000 
15,000 
16,000 
17.000 
18,000 
19,000 
20,000 
21,000 
22,000 
28,000 
24,000 
25.000 
26,000 
27.000 
28.000 
29.000 
80.000 
80,600 

48,000 

Pounda. 

Inch. 
0. 

.014 
.068 
.062 
.085 
.108 
.181 
.154 
.177 
.199 
.221 
.245 
.267 

.290 
.812 
.886 

.356 
.881 
.406 
.426 
.449 
.472 
.497 
.520 
.548 
.666 
.596 
.621 
.648 
.678 
.702 

Jneh. 
0. 
.014 
.024 
.024 
.023 
.023 
.028 
.028 
.023 

Inch, 

Initial  load. 



.........,,, 

.:.::... 

.022 
.022 
.024 
.022 

.023 
.022 
.024 
.022 
.023 
.022 
.028 
.028 
.028 
.025 
.028 
.028 
.028 
.029 
.026 
.027 

!o2& 

K  (2,000-12,000)  »1,436.000  pounds 
per  square  inch. 

Load  remoTcd  and  a  shoe  10" 
wide  put  In  place  at  middle 
bearing. 

Ultimate  strength. 

8.780 

1 

i 

Sheared  along  the  grain  in  thi*ee  places, 
compression  side  near  the  middle. 

'  H.  Doc.  885 84 


Fibern  crushed  on  the 
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DOUGLAS    FIR   AND   WHITE    OAK   WOODS. 
No.  714. 


Marks,  31.     (Tested  perpendicular  to  rings  of  growth.) 

Length,  12  feet. 

Breadth,  4".  90. 

Depth,  4".87. 

Weight,  67.5  pounds.     Weight  per  cubic  foot,  33.92  pounds. 

Rate  of  growth,  17  rings  per  inch. 

1 


to' 


Ends  suppoi*ted  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  InadR. 

Deflec- 
tions. 

Succeasive 
deflec- 
tions. 

Deflection 
sets. 

Remarks. 

Total. 

Maximum 

ftber  BtresB 

per  square 

inch. 

PoundM. 

200 

600 

1,000 

1,600 

2,000 

2,600 
8,000 
8,600 
6,860 

PtmndM. 

Inches. 
0. 

.120 
.827 
.683 
.746 

.966 
1.169 
1.881 

Inch. 
0. 
.120 
.207 
.206 
.218 

.210 
.218 
.212 

Inch. 

Initial  load. 

E  (1,000-2,000) =1,876,000  nounds 
per  square  inch. 

Ultimate  strength. 

.006 

.018 

8,290 

Split  along  the  grain  diagonally,  beginning  on  tension  side. 


DOUGLAS   FIR  AKD   WHITE  OAK    WOODS. 
No.  715. 

Marks,  31.     (Tested  parallel  to  rings  of  growth.) 

Length,  12  feet. 

Breadth,  4".81. 

Depth,  4".  86. 

Weight,  66  pounds.     Weight  per  cubic  foot,  33.89  pounds. 

Rate  of  growth,  17  rings  per  inch. 
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I 


TT 


'  <-^:>^ 


/o' 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


AppUed  loiuls. 

SuoceBBive 
deflec- 

UOIUL 

Deflection 
seta. 

Remarks. 

Total. 

Maximum 

fiber  BtTOBB 

per  square 

inch. 

Deflec- 
tions. 

Pwndt. 

200 

600 

1,000 

1,600 

2,000 

2,600 
8,000 
8,600 
6,100 

Pounds. 

Tnehe». 
0. 

.128 
.881 
.689 
.750 

.968 

Inch. 

0. 
.128 
.206 
.206 
.211 

Inch. 

Initial  load. 

£  (1,000-2,000)^1.886,000  pounds 
per  square  Inch. 

Ultimate  stiuigth. 

.006 

.012 

1.177    1           .219 
1.892    ,           .216 

8,080 

! 

Split  along  the  grain  diagonally  from  middle  to  one  end. 


532  DOUGLAS   FIR   AND   WHITE   OAK   WOODS. 

No.  716. 

Marks,  34.    (First  specimen.) 

Length,  12  feet. 

Breadth,  3". 80. 

Dei)th,  9". 70. 

Weight,  91  pounds.     Weight  per  cubic  foot,  29.62  pounds. 

Rate  of  growth,  11  rings  per  inch. 

i 
A. . 


<%rJt^ 


-rr 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applies 
Total. 

1  loads. 

Maximum 
fiber  stresB 

Deflec- 
tions. 

SucoesBlve 
deflec- 
tions. 

Deflection 
sets. 

Remarks. 

Pounds. 
600 
1,000 
1,600 
2,000 
2,600 
8,000 
8,600 
4.000 
4.600 
6,000 
6.600 
6,000 

6,600 
7,000 
7,600 
8,000 
8,600 
9,000 
9,600 
10,000 
18,800 

Pounds. 

Inches. 
0. 
.067 
.117 
.178 
.229 
.286 
.344 
.403 
.461 
.619 
.577 
.636 

.696 

.757 

.822 

.886 

.943 

1.010 

1.084 

1.166 

Inch. 
0. 

.067 
.060 
.066 
.056 
.057 
.068 
.069 
.068 
.068 
.068 
.069 

.060 
.061 
.066 
.063 
.058 
.067 
.074 
.071 

Inch, 

Initial  load. 

E   (2,00(^.000) =1,102.000 
per  square  inch. 

Ultimate  strengtli. 

pounds 

.006 

.011 

.017 

.081 

6,960 

Splintering  fractures  on  tension  side  extending  half  the  depth  of  the 
beam.     Fibei*s  crushed  on  the  compression  side. 


DOUOLA8   FIB   AND   WHITE   OAK   WOODS. 

No.  736. 

Marks,  84.     (Second  specimen.) 

Length,  8.22  feet 

Breadth,  3".78. 

Depth,  9".70. 

Weight,  63  pounds.     Weight  per  cubic  foot,  30.08  pounds. 

Bate  of  gro¥rth,  11  rings  per  inch. 


633 


I 


1 


-^ 


Ends  supported  7.5  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loads. 

Deflec- 
tions. 

Successive 
deflec- 
tions. 

Deflection 
sets. 

Remarks. 

Total. 

Maximum 

fiber  stress 

per  square 

inch. 

Poundt, 
1,000 
2.000 
8,000 
4,000 
6,000 
6.000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 

18,000 
14,000 
23,800 

Pound*. 

Tnch. 
0. 
.048 
.066 
.128 
.169 
.218 
.263 
.294 
.337 
.380 
.426 
.471 

Tnch, 
0. 
.048 
.048 
.042 
.041 
.044 
.040 
,041 
.(MS 
.048 
.046 
.046 

Inch, 

Initial  load. 

R  (4,000-12,000)  xl.277,000  pounds 
per  square  inch. 

.006 

.009 

.018 

.612               .041 
.667               .046 

8,840 

Ultimate  strength. 

Beam  fractured  on  the   tension   side, 
bearing. 


Fibers  crushed  at  middle 
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DOUGLAS   FIB   AND   WHITE   OAK   WOODS. 
No.  710. 


Marks,  40.     (First  specimen.) 

Lengtn,  12  feet. 

Breadth,  8".70. 

Deijth,  ll'M5. 

Weight,#124  pounds.     Weight  per  cubic  foot,  36.04  pounds. 

Sate  of  growth,  18  rings  per  inch. 


I 


1 

./-.•'' 

vlori^ 

•A'l 

TT 

n 

Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


AppUed  InadR. 

Deflec- 
tions. 

Total. 

fiber  streaB 

pernquare 

inch. 

Pounds. 

Succeesive 
deflec- 
tions. 

Deflection 
sets. 

Remarks. 

Pounde. 
500 
1,000 
2,000 
8,000 
4,000 
5,000 
6,000 
7,000 
8,000 

9,000 
10,000 
11,000 
12,000 
18,000 
14,000 
15,000 
16,000 
16.600 

Inch, 
0. 

.027 
.081 
.134 
.186 
.211 
.292 
.860 
.408 

.458 
.510 
.562 
.614 
.668 
.721 
.769 
.828 

Inch. 
0. 

.027 
.054 
.058 
.052 
.055 
.051 
.058 
.053 

.058 
.052 
.062 
.052 
.054 
.053 
.048 
.059 

Inch. 

Initial  load. 

.004 

.006 

.012 

.015 

E   (2,000-8,000) »1,625,000   poundA 
per  square  inch. 

.017 

Rested  1  hour  under  500  poundn. 
Ultimate  strength. 

.020 

.024 

.028 

6,.460 

Cross  grained,  split  along  the  grain  diagonally  almost  from  end  to 
end. 


DOUGLAS   FIR   AND    WHITE   OAK    WOODS. 

No.  735. 
Marks,  40.    (Second  specimen.) 
Length,  8.16  feet. 
Breadth,  3".70. 
Depth,  11".  13. 

Weight,  77  pounds.     Weight  per  cubic  foot,  33  pounds. 
Rate  of  growth,  18  rings  per  inch. 


585 


I 


1 


.#" 


A 


Ends  supported  7.5  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loads. 

Deflec- 
Uons. 

Inch, 
0. 

.029 
.067 
.085 
.118 
.140 
.167 
.195 
.223 
.250 
.276 
.304 

.380 
.358 
.385 
.414 

SucceesiTe 
deflec- 

tiODB. 

Inch. 
0. 
.029 
.028 
.028 
.028 
.027 
.027 
.028 
.028 
.027 
.026 
.028 

.026 
.028 
.027 
.029 

Deflection 
sets. 

Total. 

M&ximiiiii 
fiber  8treB8 

Pounds. 

Remarkii. 

Pounds, 
1,000 
2,000 
3,000 
4,000 
6,000 

Inch, 

Initial  load. 

.004 

6,000 

7,000 

8.000 
9,000 
10,000 

.007 

11,000 

12,000 

.010 

£(  1,000-12,000)  »1,S42.0U0  poiindN 
per  Hqnare  inch. 

'        13,000 

14,000 

15,000 

16.000 

.016 

Cracked. 

26,800 

7,890 

Ultimate  strength. 

1 

Split  along  the  grnin  diagonally  about  three-fourths  of  the  length  of 
the  oeam. 
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DOUGLAS    FIB   AND    WHITE   OAK    WOODS. 
No.  723. 


Marks,  46. 

Length,  12  feet. 

Breadth,  2".67. 

Dei)th,  7".48. 

Weight,  61  pounds.     Weight  per  cubic  foot,  36.67  pounds. 

Rate  of  growth,  12  rings  per  inch. 

I 


'^'^j^ 


to* 


■TT ' 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loads. 

Deflec- 
tions. 

SucceaslTe 
deflec- 
tions. 

Deflection 
sets. 

Bemarka. 

Total. 

Maximum 

fiber  stresB 

per  square 

inch. 

Founds. 

200 

1,000 

2,000 

3,000 

4,000 
6,000 
6,000 
6,200 
6,400 
6,600 
6.800 
7,000 
8,800 

Pounds. 

Incht%. 
0. 

.166 
.347 
.541 

.744 
.989 
1.139 
1.176 
1.217 
1.267 
1.300 
1.343 

Inch. 
0. 

.166 
.191 
.194 

.208 
.196 
..200 
.086 
.042 
.040 
.043 
.043 

Inch. 

InltiHl  load. 

E    (1,000-«,000)=2,051,000    pounds 
per  square  inch. 

Ultimate  strength. 

.001 
.003 
.009 

.012 
.015 

10,610 

Fractured  on  the  tension  side  and  split  along  the  grain  toward  one 
end. 


DOUGLAS   FIR   AND   WHITE   OAK    WOODS. 
No.  711. 
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Marks,  48.     (First  specimen.) 

Length,  12  feet. 

Breadth,  5".70. 

Depth,  7".48. 

Weight,  115  pounds.     Weight  per  cubic  foot,  32.37  pounds. 

Rate  of  growth,  14  rings  per  inch. 


1 


-7T" 

4— 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loads. 


Total. 


Pounds. 
600 
1,000 
2,000 
3.000 
4,000 
5,000 
6,000 
7.000 
8,000 

9,000 
10,000 
11,000 
12,000 
13,000 
18,900 


Maximum 

fiber  stress 

per  square 

inch. 


Deflec- 
tions. 


Pounds.    \  Inches. 

I  0. 

I  .048 

.141 


10,670 


.423 
.516 
.612 
.709 

.804 

.901 

1.004 

1.106 

1.246 


SuccessiTe 
deflec- 
tions. 


Inch. 
0. 
.048 
.098 
.092 
.099 
.091 
.093 
.096 
.097 

.096 
.097 
.108 
.104 
.187 


Deflection 
sets. 


Inch.' 


.006 
.616* 


.012 

.ois' 


.014 
.026* 


Remarks. 


Initial  load. 


£  (2,000-8,000) -1,987,000  pounds 
per  square  inch. 


Ultimate  strength. 


Splintering  f  iticture  on  the  tension  side,  with  crushing  of  the  fibers 
at  tne  ends  of  the  middle  shoe. 


538  DOUGLAS   FIB   AND   WHITE    OAK   WOODS. 

No.  733. 

Marks,  48.     (Second  specimen.) 

Length,  8.2  feet 

Breadth,  6".69. 

Depth,  7".47. 

Weight,  78  pound8.     Weight  per  cubic  foot,  32.23  pounds. 

Rate  of  growth,  14  rings  per  inch. 


I 


^^ 


..^iO. 


Ends  supported  7.5  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loadfl. 

Deflec- 
tions. 

SucccssiTe 
deflec- 
tions. 

Deflection 
sets. 

! 

Total. 

Maximum 

fiber  stress 

per  square 

inch. 

Remarks.                        | 

PoundB. 
600 
1,000 
2,000 
8.000 
4,000 
6.000 
6.000 
7,000 
8.000 
9,000 
10.000 
11,000 
12.000 

18.000 
14.000 
27,100 

Pkmnds. 

Inch. 
0. 
.028 
.066 
.109 
.162 
.191 
.286 
.276 
.819 
.860 
.408 
.446 
.489 

.681 
.675 

Inch. 
0. 

Inch. 

Initial  load. 

.028 
.048 
.048 

.002 

.048 
.099 
.014 
.041 
.048 
.041 
.048 
.042 
.044 

.042 
.044 

.005 

.007 

.010 

.018 

.016 

E  (2.000-12.000)-«1,874,000  pounds 
per  square  inch. 

Ultimate  strength. 

11,620 

Splintering  fracture  on  the  tension  side, 
middle  bearing. 


Fibers  crushed  at  the 


DOUGLAS   FIB  AND   WHITE   OAK   WOODS. 

No.  709. 
Marks,  52. 
Length,  12.02  feet. 
Breadth,  4".  72. 
Deijth,  11".51. 

Weight,  178  pounds.     Weight  per  cubic  foot,  39.25  pounds. 
Bate  of  growth,  7  rings  per  inch. 


589 


i 


I 
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Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


AppUed  loads. 

Deflec- 
Uons. 

Saooenive 
deflec- 
tionB. 

DeflecUon 

B^tS. 

Remarkii. 

Totol. 

Maximum 
fiber  BtresB 
per^Bquare 

Amtidc. 
500 
1.000 
2,000 
3,000 
4,000 
6.000 
6.000 
7.000 
8,000 
9,000 
10.000 
11.000 
12.000 

13,000 
14,000 
15,000 
16,000 
17.000 
18,000 
19.000 
20.000 
21,000 
22,000 
28,000 
24,000 
25,000 
26,000 
27,000 
87,900 

Fomd^ 

0. 
.017 
.050 
.081 
.114 
.145 
,176 
.206 
.287 
.288 
.299 
.880 
.861 

.392 
.428 
.454 
.485 
.516 
.549 
.679 
.609 
.641 
.674 
.707 
.741 
.776 
.810 
.854 

Inch. 
0. 

.017 
.088 
.081 
.083 
.031 
.081 
.080 
.031 
.031 
.031 
,031 
.031 

.031 
.081 
.081 
.081 
.081 
.088 
.080 
.080 
.082 
.088 
.088 
.084 
.034 
.085 
.044 

Indh. 

Initial  load. 

K  (2.000-12.000) -»1,990.000 
per  square  inch. 

Cracked. 
Ultimate  strength. 

pounds 

10.900 

Sheared  along  the  grain  nearly  the  whole  length  of  the  stick. 
Fibers  crushra  at  middle  bearing. 
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DOUGLAS    FIR   AND   WHITE   OAK    WOODS. 
No.  721. 


Marks,  69.     (First  specimen.) 

Length,  11.1  feet. 

Breadth,  2".73. 

Depth,  r'.60. 

Weight,  50  pounds.     Weight  per  cubic  foot,  31.22  pounds. 

Rate  of  growth,  19  rings  per  inch. 

I 


inn 


•^inT 


^ 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  u^iddle. 


Applied  loads. 

Deflec- 
tions. 

SucceBBiye 
deflec- 
tions. 

Deflection 
Beta. 

Remarks. 

Total. 

fiber  BtreBB 

Pounds. 

200 

400 

600 

800 

1.000 

2.000 

8,000 

4,000 
6,000 
5,200 
b,4IOO 
6600 
5800 
6,000 
8,800 

Pofmds. 

Inches. 
0. 

.048 
.069 
.138 
.176 
.389 
.607 

.890 
1.049 
1.095 
1.148 
1.190 
1.286 
1.286 

Inch. 
0. 

.048 
.041 
.044 
.048 
.213 
.218 

.223 
.219 
.046 
.048 
.047 
.046 
.060 

Inch. 

■ 

Initial  load. 





.002 
.007 
.018 

.016 
.019 

£  (1.000-3.000)  » 1,717,000  pounds 
per  square  inch. 

Ultimate  strength. 

- 

10,060 

Split  along  the  grain  diagonally  from  middle  of  tension  side  to  about 
2  feet  from  one  end.     Fibers  crushed  in  vicinity  of  middle  bearing. 


DOUGLAS  FIK   AND  WHITS  OAK   WOODS. 

No.  722. 

Marks,  59.    (Second  specimen.) 

Length,  11.14  feet. 

Breadth,  2".69. 

Depth,  7".76. 

Weight,  48  pounds.     yVeight  per  cubic  foot,  29.71  pounds. 

Bate  of  growth,  19  rings  per  inch. 
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Ends  supported  10  feet  apart.    Loaded  at  the  middle. 
Deflections  measured  at  toe  middle. 


Applied  loads. 

Deflec- 
tions. 

Succeailye 
deflec- 
tions. 

Deflection 

aetB. 

Remarks. 

Total. 

MflKimiun 
fiber  Btress 

Poundt. 

200 

1,000 

2,000 

8,000 

4,000 
6,000 
6,200 
5,400 
6,600 
5,800 
6,000 
8,600 

Pounds, 

Tnehes, 
0. 

.188 
.404 
.688 

.865 
1.106 
1.160 
1.211 
L26S 
1.881 
1.888 

Inch. 
0. 

.188 
.221 
.229 

.282 
.248 
.061 
.068 
.062 
.068 
.067 

Inch. 

Initial  load. 

E  (1.000^000)-1.688,000  pounds 
per  square  inch. 

Ultimate  strength. 

.001 
.002 
.004 

.007 

9,480 

Splintering  fracture  on  tension  side, 
middle  bearing. 


Fibers  crushed  in  vicinity  of 


542  DOUGLAS    FIR    AND   WHITE    OAK    WOODS. 

TABULATION  OP  TRANSVERSE  TESTS  OF  DOUGLAS  FIR  WOOD. 


Weight 

DlmenHlong. 

ModalMof- 

No. 

Rings 

of 

Marks. 

per 
cubic 
foot 

per 

Elifltlcltyp 

Rup- 

RenuurkE. 

test 

inch. 

BreadttL 

Depth. 

ep^Q. 

per 
ineh. 

ture,  per 
jK]U&re 
inch. 

Pmvnds. 

Inches, 

Fmnd^. 

pDHndH. 

, 

717 

7 

82.88 

12 

7.ft9 

7.5B 

10 

1,825,000 

11,170 

First  specimen. 
Second  specimen. 

734 

7 

85.72 

12 

7.37 

7.44 

7.6 

1,948.000 

12,110 

718 

12 

88.48 

11 

7.67 

7.64 

10 

1,777,000 

10,000 

707 

18 

84.85 

9 

5.60 

18.40 

10 

1,285,000 

7,470 

720 

16 

88.98 

28 

2.80 

7.65 

10 

1,918,000 

11,200 

First  specimen. 
Second  specimen. 

719 

16 

88.97 

23 

2.86 

7.50 

10 

1,930,000 

8,610 

712 

22 

85.74 

12 

4.58 

4.51 

10 

2,805,000 

9,570 

Tested  perpendicu- 
growth. 

713 

22 

85.63 

12 

4.49 

4.50 

10 

2,218,000 

8,910 

Tested  parallel  to 
rings  of  growth. 

708 

28 

38.74 

14 

5.52 

13.85 

10 

1,486,000 

8,780 

714 

81 

38.92 

17 

4.90 

4.87 

10 

1,875,000 

8,290 

Tested  perpendicu- 
lar  to    lings  of 
growth. 

715 

31 

88.89 

17 

4.81 

4.86 

10 

1,885,000 

8,080 

Tested  parallel  to 
rings  of  growth. 

716 

34 

29.62 

11 

8.80 

9.70 

10 

1,102,000 

6,960 

First  specimen. 
Second  specimen. 

736 

84 

80.08 

11 

8.78 

9.70 

7.5 

1,277,000 

8.840 

710 

40 

86.04 

18 

8.70 

U.15 

10 

1,625,000 

6,460 

First  specimen. 
Second  specimen. 

786 

40 

88.00 

18 

8.70 

11.13 

7.5 

1,842,000 

7,890 

728 

46 

86.67 

12 

2.67 

7.48 

10 

2,051,000 

10,610 

711 

48 

32.87 

14 

5.70 

7.48 

10 

1,937,000 

10,670 

First  specimen. 
Second  specimen. 

783 

48 

82.28 

14 

5.69 

7.47 

7.5 

1,874,000 

11,620 

709 

53 

39.25 

7 

4.72 

ll.fil 

10 

1.930,000 

10,900 

721 

M 

3L22 

19 

2.7S 

i.m 

10 

1,717,000 

10,050 

Fiist  specimen. 

m 

m 

29.71 

19 

a.fi9 

7.711 

10 

U5a«,uw} 

&,JW 

DOUGLAS   FIR   AND    WHITE   OAK    WOODS. 

White  Oak  Wood. 

details  of  transverse  tests. 

No.  724. 
Marks,  I. 
Length,  12  feet. 
Breadth,  3".  20. 
Depth,  11''.03. 

Weight,  137  pounds.     Weight  per  cubic  foot,  46.60  pounds. 
Rate  of  growth,  16  rings  per  inch. 
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Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


AppUed  loads. 

Deflec- 
tions. 

BuccesslTe 
deflec- 
tions. 

Deflection 
sets. 

]R^^n%r^M. 

Total. 

Pound». 
600 
1,000 
2,000 
8,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 

11,000 
12,000 
18,000 
14,000 
16,000 
28,800 

Maximum 
fiber  BtresB 

Pounds, 

Incha. 
0. 

.084 
.096 
.160 
.222 
.284 
.346 
.409 
.477 
.644 
.612 

.686 
.767 
.846 
.988 
1.082 

Inch. 
0. 

.084 
.062 
.064 
.062 
.062 
.061 
.064 
.068 
.067 
.068 

.074 
.061 
.079 
.087 
.099 

Inch, 

Initial  load. 

E  (2.000-10,000) -1,686,000  pounds 
per  square  inch. 

.008 

.005 

.006 

.016 

.027 

.046 

11,010 

Fractured  on  the  tension  side  and  crushed  fibers  on  the  compression 
side  under  the  middle  shoe,  where  the  wood  was  indented  i". 
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DOUGLAS    FIB   AND   WHITE   OAK    WOODS. 

Ho.  726. 


Marks,  II. 

Length,  12.01  feet. 

Breadth,  3".37. 

Deijth,  10".  90. 

Weight,  149  pounds.     Weight  per  cubic  foot,  48.64  pounds. 

Rate  of  growth,  9  rings  per  inch. 
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Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


'        Applied  l(Mds. 

Deflec- 
tioiu. 

Sacceflrive 
deflec- 
tiona. 

Deflec- 
tion 0et8. 

Remarkii. 

ToUl. 

Maxlmnm 
fiber  BtresB 

■    Pounds. 

600 

1.000 

2,000 

8.000 

4,000 

6.000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

18,000 
14,000 
16,000 
16,000 
27,600 

Pounds. 

Inch. 
0. 

.029 
.067 
.186 
.189 
.240 
.208 
.846 
.899 
.461 
.606 
.668 
.614 

.674 
.786 
.790 
.868 

Inch. 
0. 
.029 
.068 
.049 
.063 
.061 
.063 
.063 
.063 
.062 
.066 
.062 
.066 

.060 
.061 
.066 
.068 

Inch. 

Initial  load. 

E  (2,000-12.000)  =*1, 588, 000  pounds 
per  square  inch. 

Ultimate  strength. 

.002 

.004 

.006 

.009 

.011 

.014 

.028 

12,410 

Splintering  fracture  on  tension  side, 
of  tne  middle  bearing. 


Fibers  crushed  in  the  vicinity 


DOUGLAS   FIB  AND   WHITB   OAK   WOODS. 

No.  726. 
Marks,  III. 
Length,  12.01  feet. 
Breadth,  3".  62. 
Depth,  8".  93. 

Weight,  126  ponndu.     Weight  per  cubic  foot,  46.73  pounds. 
Bate  of  growth,  11  rings  per  inch. 
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Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


AppUe< 
Total. 

1  loads. 

Defletv 
tions. 

SiicccBsive 
deflec- 
tions. 

Deflection 
set«. 

Remarks. 

Maximum 
fiber  streae 

Pounds. 
600 
1,000 
2,000 
8,000 
4,000 
5.000 
6,000 
7,000 
8,000 

9,000 
10.000 
11,000 
12,000 
13,000 
19,700 

PmindM. 

Inches. 
0. 

.047 
.137 
.'234 
.826 
.418 
.612 
.604 
.696 

.795 
.895 
1.004 
1.126 
1.242 

Inch. 
0. 
.047 
.090 
.097 
.092 
.092 
.094 
.092 
.092 

.099 
.100 
.109 
.122 
.116 

Inch. 

Initial  l(»ad. 

E  (2,000^,000) -1,827,000   pounds 
per  square  inch. 

.001 

.004 

.006 

.011 

.020 

1 

12,280 

Ultimale  streuKth. 

Splintering  fracture  on  tension  side  of  beam, 
middle  bearing. 

H.  Doc.  335 ^35 


Slight  crushing  at 
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DOUGLAS   FIR   AND    WHITE   OAK    WOODS. 

No.  727. 


Marks,  IV. 

Length,  12  feet. 

Breadth,  2".53. 

Depth,  7'M5. 

Weight,  62  pounds.     Weight  per  cubic  foot,  41.16  pounds. 

Rate  of  growth,  12  rings  per  inch. 

1 


-inf- 


TT 


i3 


fO' 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


I        Applied  loads. 


ToUl. 


ISmruU. 

200 

400 

600 

800 

1,000 

2,000 

8,000 

4,000 
1,200 
4,400 
4,600 
4,800 
5,000 
8,800 


Maximum  ' 

fiber  RtresH  | 

per  square 

Inch. 


Deflee- 
tionii. 


V(mnd%. 


I 


11,550 


Inches. 
0. 
.066 
.128 
.190 
.254 
.564 
.878 

1.236 
1.311 
1.389 
1.468 
1.548 
1.655 


SuccefiBive 
deflec- 
tions.      I 


Inch. 
0. 
.065 
.063 
.062 
.064 
.310 
.314 


.075 
.078 
.079 
.080 
.107 


Deflection 

8Ct8. 


Inch. 


RemarkB. 


Initial  load. 


.001 
.002 

.006    ,  E   (1,000-3.000) =1,497,000    poundB 
per  .s(]uare  inch. 


.1  Ultimate  strength. 


Fractured  on  the  tension  side,  accompanied  by  shearing  along  the 
grain. 


DOUGLAS   FIR   AND   WHITE   OAK   WOODS, 

No.  728. 

Marks,  V. 

Length,  11.98  feet. 

Breadth,  4".59. 

Depth,  ll'M8. 

Weight,  184  pounds.     Weight  per  cubic  foot,  43.08  pounds. 

Bate  of  growth,  11  rings  per  inch. 
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Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loads. 

Defleo- 
tlons. 

Sucoeflsive 
deflec- 

tiODA. 

Deflection 
sets. 

Remarks. 

Total. 

Mazimiim 

fiber  stran 

per  square 

inch. 

Pounds, 

600 

1,000 

2,000 

4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11.000 
12,000 

18,000 
14,000 
15,000 
16,000 
17.000 
18,000 
19,000 
20,000 
82,200 

Pwind», 

Incha, 
0. 

.023 
.074 
.124 
.178 
.221 
.272 
.821 
.870 
.419 
.460 
.518 
.568 

.615 
.665 
.728 
.788 
.832 
.891 
.951 
1.017 

Inch, 
0. 

.028 
.051 
.050 
.049 
.048 
.051 
.049 
.049 
.049 
.060 
.049 
.050 

.047 
.060 
.056 
.060 
.049 
.050 
.060 
.066 

Inch. 

Initial  load. 

E  (2,000-12,000)  - 1,394,000  pounds 
per  square  inch. 

UlUmate  strength. 

.001 

.002 

.005 

.006 

.006 

.012 

.014 

.025 

10,110 

Splintering  fracture  on  the  tension  side. 
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DOUGLAS   FIB   AND   WHITE   OAK    WOODS. 
No.  729. 


Marks,  VI. 

Length,  12  feet. 

Breadth,  3".39, 

Dei)th,  9".  28. 

Weight,  110  pounds.     Weight  per  cubic  foot,  41.97  pounds. 

Rate  of  growth,  15  rings  per  inch. 


IC 


'iriff 


IB 


/C 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loads. 

Deflec- 
tions. 

Inches. 
0. 

.061 
.179 
.299 
.419 

.688 
.658 
.778 
.901 
1.042 

Successive 
deflec- 
tions. 

Deflection 
seta. 

Remarks. 

Total. 

Maxlmmn 
fiber  stress 

Pounds. 
600 
1,000 
2,000 
8,000 
4,000 

6,000 
6,000 
7,000 
8,000 
9,000 
10,000 
14,600 

Pcmnds. 

Inch. 
0. 

.061 
.118 
.120 
.120 

.119 
.116 
.120 
.128 
.141 

Inch. 

Initial  load. 

E  (2,000-4,000)=1,334,000  pounds 
per  square  inch. 

Ultimate  strength. 

.001 

.002 

.004 

.010 

9,010 

Splintering  fracture  on  the  tension  side. 


DOUGLAS   FIR   AND    WHITE    OAK    WOODS. 

No.  730. 

Marks,  VII. 

Length,  9.01  feet. 

Breadth,  3".40. 

Deijth,  11".01. 

Weight,  108  pounds.     Weight  per  culric  foot,  46.12  pounds. 

Rate  of  growth,  8  rings  per  incn. 
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Ends  supported  8  feet  apail.     Loaded  at  the  middle. 
Deflet'tions  measured  at  the  middle. 


Applied  loadfl. 

Deflec- 
tioiiH. 

Succeflrive 
deflec- 
tions. 

Deflection 
setH. 

_ 
Inch. 

Total. 

Maximiiiii 

fiber  Btrewi 

per  square 

Inen. 

RemarkR. 

Pounds. 
600 
1,000 
2,000 
8,000 
4,000 
6,000 
6,000 
7,000 
8.000 
9,000 
10,000 

11,000 
12,000 
13,000 
14,000 
23,400 

Pounds. 

Inch. 
0. 

.024 
.068 
.112 
.164 
.199 
.244 
.290 
.335 
.879 
.424 

.470 
.617 
.667 
.617 

Inch. 
0. 
.024 
.044 
.044 
.042 
.046 
.046 
.046 
.046 
.044 
.046 

.046 
.047 
.060 
.060 

Initial  load. 

E  (2,000-10,000)  =1,140,000  pounds 
per  square  Inch. 

intimate  strengtli. 

.001 

.003 

.006 

.009 

.016 

.020 

8,180 

Tension  fracture,  starting  at  a  knot. 


550  DOUGLAS   FIR   AND    WHITE   OAK    WOODS. 

No.  731. 

Marks,  Vm. 

Length,  9  feet. 

Breadth,  3".46. 

Depth,  9'MO. 

Weight,  99  pounds.     Weight  per  cubic  foot,  60.31  pounds. 

Rate  of  growth,  15  rings  per  inch. 


|[4Z 
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Ends  supported  8  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loads. 

Deflec- 
tions. 

Successive 
deflec- 
tions. 

Deflection 
sets. 

Remarks. 

Total. 

Maximum 

fiber  stress 

per  square 

inch. 

Pounds. 

600 

1,000 

2,000 

8,000 

4,000 

5,000 

6.000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 
14,000 
30,300 

PouTide. 

Inch. 
0. 
.028 

Inch. 
0. 
.028 
.055 
.053 
.056 
.054 
.055 
.054 
.054 
.054 
.057 
.058 
.058 

.060 
.061 

Inch. 

1 
IniUal  load. 

£  (2,000-12,000)  «1.604.000  pounds 
per  square  inch. 

Ultimate  strength. 

.083 
.136 
.192 
.246 

.008 

.008 
.616"" 

.301 
.355 
.409 
.463 
.520 
.578 
.636 

.696 
.757 

.013 

.018 

.026 

15,280 



Fractured  on  the  tension  side,  accompanied  by  shearing  along  the 
grain. 
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No.  732. 
Marks,  IX. 
Length,  9  feet. 
Breadth,  2".39. 
Depth,  6". 97. 

Weight,  63.5  pounds.     Weight  per  cubic  foot,  51.39  pounds. 
Rate  of  growtn,  15  rings  per  inch. 

1 


iq^ 


TT- 


/' 


Ends  supported  8  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  IfMwlH. 

SuccesBlTe 
dcfleo- 

tiODS. 

Deflection 
sete. 

Remarks. 

Total. 

Maximum 

fiber  stre(«( 

per  Miuare 

inch. 

Defloc- 

tloUH. 

Pounds. 
500 
1,000 
2,000 
8.000 
4,000 

5,000 
6,000 
9,500 

Tmind*. 

Inch. 
0. 

.077 
.228 
.886 
.549 

.723 
.927 

Inch. 
0. 

.077 
.151 
.158 
.168 

.174 

.aot 

Inch. 

Initial  load. 

K  (2,000-4.000) -1,758.000   pounds 
per  square  inch. 

intimate  strength. 

.007 

.017 

11,780 



1 

Fractured  on  the  tension  side.     Fibers  crushed  near  middle  bearing. 

TABULATION  OF  TRANSVERSE  TESTS  OP  WHITE-OAK  WOOD. 


Dlmonirions. 

Modtaus  of— 

No. 

Weight 

Rings 

of 

Marks. 

cubic 

.^l 

' 

Elasticity, 

Rupture, 

test. 

foot. 

inch. 

Breadth. 
Inches. 

Depth. 

Span. 

per 
square 
inch. 

per 
square 
ineh. 

PtmndB. 

Inches. 

Feet. 

Pounds. 

Pounds. 

TZi 

I 

46.60 

16 

3.20 

11.08 

10 

1,636,000 

11,010 

725 

II 

48.64 

9 

3.37 

10.90 

10 

1,538.000 

12,410 

726 

III 

46.73 

11 

3.62 

8.93 

10 

1,827,000 

12,280 

727 

IV 

41.15 

12 

2.63 

7.15 

10 

1.497.000 

11,550 

728 

V 

43.08 

11 

4.69 

11.18 

10 

l.SM.OOO 

10,110 

?29 

VI 

41.97 

15 

3.39 

9.28 

10 

1.3»4,00O 

9.010 

730 

VTT 

46.12 

8 

3.40 

11.01 

8 

1,140,000 

8,180 

731 

VIII 

r»0.81 

15 

3.46 

9.10 

8 

1.604,000 

15.230 

732 

IX 

51.39 

16 

2.39 

6.97 

8 

1,758,000 

11,780 
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Douglas  Fir  Wood, 
shkartng  tests. 

Specimen  tinlh  o7W.  shearing  plane. 


Face  A  lobricat-ecL 


Specimens  with  the  same  shearing  area  were  taken  from  the  same 
stick  of  timber  and  numbered  1,  2, 3,  and  4  across  the  stick,  and  were 
side  by  side  in  the  timber. 

Rings  of  growth  about  45°  with  shearing  plane. 


No. 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 

Area  of 

shearing 

plane. 

Sq.  inches. 
4.18 
4.20 
4.16 
4.22 

6.12 
6.12 
6.09 
6.09 

8.16 
8.16 
8.16 
8.12 

10.16 
10.26 
10.13 
10.15 

16.66 
12.24 
12.24 
12.24 

Shearing  strength. 

Remarks. 

Dimensions  of 
sliearing  plane. 

Total. 

Per 
square 
inch. 

Mean. 
Pounds. 

hwhes, 
2.05 
2.06 
2.04 
2.06 

2.04 
2.04 
2.03 
2.08 

2.04 
2.04 
2.04 
2.03 

2.04 
2.06 
2.03 
2.03 

2.00 
2.W 
2.04 
2.04 

Inches. 
2.04 
2.04 
2.04 
2.05 

3.00 
3.00 
3.00 
3.00 

4.00 
4.00 
4.00 
4.00 

4.98 
4.98 
4.99 
5.00 

8.33 
6.00 
6.00 
6.00 

Pounds. 
1,750 
2,000 
1,700 
1,970 

3,220 
3,260 
3,100 
8, -280 

3,980 
3,820 
3,910 
4,190 

6,400 
5,100 
5.500 
4,700 

8,100 
5,800 
6,000 
5,720 

Pounds. 
419 
476 
408 
467 

526 

443 

631 
509 
539 

488 
468 
479 
616 

630 
497 
543 
463 

486 
474 
490 
476 

621 



488 

3 

4 

1 
2 
3 
4 

533 

479 
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Rings  of  growth  perpendicular  to  shearing  plane. 
Specimens  marked  No.  1  were  nearer  the  heart  of  the  tree  than  those 
marked  No.  2. 


1 
No. 

1 
2 

1 
2 

Dimexudons  of 
shearing  plane. 

Area  of 

Hhearing 

plane. 

Shearing  strength. 

Per 

Total.       sqoare      Mean. 

inch. 

Remarks. 

Inches. 
2.00 
2.00 

2.00 
2.00 

Inches. 
4.00 
4.00 

4.10 
4.10 

Sq.  inches. 
8.00 
8.00 

8.20 

Founds, 
8,600 
J;  800 

8,600 
4,600 

Pounds, 
488 
688 

489 
661 

Pounds, 

488 

600 

Specimens  wUh  tivo  shearing  planes. 


Shearing  plane. 


Steel  block.  "^  ^ 


Shearing  plane. 


^  ^Steel  block. 


T  I 

Faces  A  and  B  lubricated. 

Rings  of  growth  nearly  parallel  to  planes  of  shearing. 
Specimens  1  and  2  were  side  by  side  in  the  timber. 


No. 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

Area  of 

two 
planes. 

Shearing  strength. 

Remarks. 

Dimensions  of 
shearing  plane. 

Total. 

Per 
square 
inch. 

Mean. 

Inches. 
1.99 
2.01 

2.00 
2.01 

3.99 
3.99 

2.00 
2.01 

2.00 
2.01 

Inches. 
2.01 
2.01 

3.00 
3.00 

2.00 
2.00 

6.00 
5.00 

6.02 
6.04 

Sq.  inches. 
8.00 
8.08 

12.00 
12.06 

16.96 
16.96 

20.00 
20.10 

24.08 
24.28 

Pounds. 
2,800 
3,000 

4.700 
4,600 

6,860 
4,900 

6,960 
6,300 

7,680 
10,100 

Pounds. 
350 
371 

392 

881 

867 
307 

298 
313 

816 
416 

Pounds. 

Followed  rings  closely. 
Both  sides  yielded  at  once. 

361 

387 

337 

306 

366 

554  DOUGLAS   FIR   AKD   WHITE   OAK   WOODS. 

SHEARING   TESTS  OP  DOUGLAS   FIR  WOOD  WITH  OBLIQUE   LOADS. 


Shearing  plane. 


No. 


shearing  plane.    '^^^^Se"*^ 


Inehts. 

Inches. 

3.76 

11.00 

8.76 

8.00 

4.68 

7.90 

4.72 

12.95 

4.72 

22.50 

2.76 

7.40 

2.75 

10.00 

2.75 

17.84 

Sq.iM. 
41.25 
30.00 
36.97 
61.12 

106.20 
20.85 

27.50 
49.06 


Direction  of  shear- 
ing plane  to 
rings  of  growth. 


45  degrees 

Pamflel 

Perpendicular . . 

do 

do 

Nearly    perpen- 
dicular. 

do 

do 


Pressure 
applied 
at  angle 

with 
shearing 
plane  of. 


30 
45 
45 
30 
15 
45 

30 

15 


Yielded 
along 
line. 


A-B.... 
A-B.... 
See  note 
A-B.... 
A-B.... 
A-B  .... 

A-B  .... 
A-B.... 


Shearing  strength. 


Total. 


Pounds. 
58,900 
39,000 
39.200 
73,900 
75,600 
26,400 

85,400 
42,800 


Per 
square 
Inch. 


Pounds. 
1.430 
1,300 
1,060 
1,209 
712 
1,297 

1,287 
872 


I 


Note.— No.  3  sheared  on  area  4". 68x10". 30 =48. 20  square  inches.' 
Nos.  3,  4,  and  5  were  all  from  the  same  piece  of  timber. 
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Heat  conductivity  of  slichs  of  Douglas  fir  wood,  charred  over  open  wood  fires,  and  stick 

exposed  to  low  temperature. 

Test  No.  3. 

Wood  fire  used.  Dimensions  of  stick,  10"  X 10"  X  4'.  A  hole  1"  in 
diameter  was  bored  to  a  depth  of  2  feet  in  one  end  of  this  stick. 
Observations  of  the  temperature  at  the  middle  of  the  stick  taken  with 
a  mercury  theimometer  with  its  bulb  at  the  bottom  of  the  1-inch  hole. 
Stick  turned  over  the  fire,  so  as  to  burn  all  sides  evenly. 


Time. 

Temper- 
atare. 

I 
Remarks 

U     0 
80 
45 
1    00 
1    80 
1    85 
1    40 
1    60 

1  65 

2  00 
2    06 
2    10 
2    15 
2    20 
2    26 
2    90 
2    36 
2    40 
2    46 
2    60 

2  66 
8    00 
8    06 
8    10 
8    16 

3  20 
8    26 
8    86 
3    40 

3  46 
8    50 
8    55 

4  00 

18 

17 

16 

17 

20 

22 

22.5 

27 

29 

80 

S2 

85 

89 

44 

45 

51 

56 

50 

60 

64 

70 

78 

78 

82 

86 

89 

92 

96 

96 
100 
102 

96 

96 

Put  on  fire. 

Pitch  oozed  out  to  a  depth  of  V  below  tides,  at  end  of  stick. 

Pitch  ooied  out  to  a  depth  of  2"  below  fides,  at  end  of  Btick. 

Pitch  ooced  out  to  a  depth  of  4"  below  rides,  at  end  of  stick. 
Taken  off  fire  and  quenched  with  water. 

Does  not  feel  warm  to  hand  on  outside. 

Maximum  temperature,  1  hour  20  minutes  after  teking  from  fire. 

Test  discontinued. 

Dimensions  after  charcoal  had  been  scraped  off,  t)".3x6".2,  with 
rounded  corners. 
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DOUGLAS   FIB   AND  WHITE   OAK   WOODS. 
Test  No.  4. 


Observations  taken  as  in  No,  3. 
Temperature  of  fire,  750^  C. 
Dimensions  of  stick,  10"X10"X4'. 


Ti"--      ''t^!' 

Remarkii. 

Hn.  Min, 

0  0 
16 
SO 
45 

1  00 
1    15 
1    SO 

1  45 

2  00 
2    15 
2    SO 

2  45 

3  00 
8    90 

4  00 

4  SO 

5  00 

18 

17.6 

18 

18 

20 

22 

27 

SO 

40 

48 

60 

68 

68 

78 

82 

82 

80 

Piit  on  Are 

Quenched  with  water  and  retnmed  to  fire. 

Do. 

Do. 

Do. 

Do. 
Taken  from  fire  and  quenched  with  water. 

Test  discontinued. 

Dimensions  after  charcoal  was  scraped  oflf,  7".4x7".2  at  one  end 
and  6".6x6".5  at  the  other,  with  rounded  corners. 

Test  No.  5. 

Observations  taken  as  in  No.  3. 
Dimensions  of  stick,  10"XlO"x3'. 


Time. 

Temper- 
ature. 

Hrs.  Miu. 

o(7. 

0     0 

18 

Put  on  Are 

15 

18 

»0 

18 

46 

20 

1    00 

20 

1    15 

20.5 

1    SO 

25 

1    45 

31 

2    00 

87 

2    15 

44 

Taken  fron 

2    30 

54 

2    45 

61 

3    00 

69 

8    15 

78 

Remarks. 


Test  discontinued. 

Dimensions  after,  charcoal  was  scmped  otf,  6".7x6".9. 
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Test  No.  6. 

Observations  taken  as  in  No.  3. 
Dimensions  of  stick,  10"Xia"X4'. 


567 


Time. 

Temper- 
ature. 

1 
Remarks. 

Bn,  Ji  in. 

oc. 

0     0 

10 

Put  on  fire. 

16 

15.5 

ao 

10 

45 

16 

1    00 

16 

1    15 

18 

1    SO 

21 

1    45 

26 

2    00 

86 

2    15 

43 

2    90 

62 

Taken  from  fire,  but  not  quenched. 

2    45 

66 

3    00 

82 

S    15 

89 

3    80 

96 

3    45 

.   103 

4    00 

104 

4    15 

104 

4    80 

105 

4    45 

105 

5    00 

105.5 

5    15 

106 

5    90 

106 

5    45 

106 

6    00 

107 

6    90 

106 

7    00 

104 

Test  discontinued. 

Dimensions  after  charcoal  was  scraped  off,  6"X6".4,  with  rounded 
comers. 
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DOUGLAS   FIB   AND   WHITE   OAK   WOODS. 

Test  No.  7. 


Observations  taken  as  in  No.  3. 

Dimensions  of  stick,  10"X10"X4',  with  2"  hole  at  one  end. 


Time. 

Temper- 
ature. 

Remarks. 

xirs.  Jtftn. 

°C. 

0      0 

19 

Put  on  lire. 

16 

19 

90 

20 

46 

20 

1    00 

20.6 

1    16 

21 

1    30 

24 

1    46 

27 

2    00 

82 

2    16 

40 

2    80 

48 

Taken  from  fire  and  smothered  with  sand  and  ashes. 

2    46 

60 

8    00 

71 

3    16 

90 

8    SO 

96 

4    00 

106 

4    80 

107 

4    46 

109 

6    00 

107 

6    16 

107 

6    30 

106 

6    46 

104 

6    00 

101 

6    16 

99 

6    30 

96 

6    46 

95 

7    00 

92 

7    16 

89 

7    30 

86 

7    46 

84 

8    00 

82 

8    15 

79 

8    30 

77 

24    00 

24 

Temperature  of  17°  C.  on  outside. 

Dimensions  after  charcoal  had  been  scraped  off,  6". 3x5". 9,  with 
rounded  corners.  Fire  burned  down  1"  deeper  in  two  places  than 
these  dimensions  show. 
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Dimensions  of  stick,  10"XlO"x4',  with  a  1"  hole  2  feet  long  bored 
in  one  end. 

Observations  taken  with  mercury  thermometer  with  bulb  not  in 
immediate  contact  with  the  wood,  as  in  former  tests. 


%tL 


Thermometer  bulb. 


34" 


Time     I  Temper- 


Hri.Min. 


1 
1 
1 
1 
2 
2 
2 
2 

3  00 
3  15 
3  30 
3    45 


5    80 
5    45 


18.5 

18.5 

18.5 

18.5 

19 

20 

22 

25 

27 

30 

38 

43 

46 

48 

52 

57 

64 

70 

78 

81 

85 

88 

97 
102 
103 
106 
105 
105 
104 
104 
103 
103 
101 

99 

98 

97 


Remarks. 


Temperature  before  putting  on  flre. 
Put  on  flre. 


Taken  from  flre  and  smothered. 

Put  on  flre  (tpcond  time. 
I  Taken  from  flre  and  Kmothered. 
'  Put  on  flre  third  time. 
.  Taken  from  flre  and  Hmothered. 


Test  discontinued. 
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Douglas  Fir  in  Cold  Storage. 

Size  of  stick,  10"X  10"X4',  with  1"  hole  2  feet  long  in  one  end. 
Taken  from  temperature  of  60^  F.  and  placed  in  cold  storage. 


Time.           Date. 

1 

Temper- 
ature of 
stick. 

Temper- 
ature of 
room. 

Time  in 

cold 
storage. 

Remarks. 

1     1902. 

8.46a.m..'    MajrS 
10.46  a.m. .'....do... 
12.00m do... 

2.46  p.m do... 

4.45  p.m do... 

8.46  a.m..     May  9 
4.46 p.m  .."....do. .. 

OF. 

m 

60 
66 

41 
82.6 

4 

2 

<>F. 

1.5 
-2.6 

Hour$. 

0 

2 

8.26 

6 

8 
24 
32 

Then  taken  out  and  hole  corked. 

Stick  taken  from  cold  storage  at  a  temperature  of  zero  F.  at  12  m., 
May  14,  1902.. 


Time. 

Date. 

Temper- 
ature of 
stick. 

Temper- 
room. 

Time  in 
air  at 
68°  F. 

Remarks. 

2.00 p.m .. 
8.00 p.m  .. 
4.00  p.  m  . . 
8.00  a.m.. 
11.00  a.m.. 
4.00  p.  m  .. 

1902. 
..-.do... 
....do... 

°F. 

°F. 
68 
68 
68 
68 
68 
68 

Houn. 
2 
3 
4 

20 
28 
28 

12.7 
18.5 
62.6 
64.4 
66.2 

Compression  Tests  of  Douglas  Fir  Posts  turned  down  from 
10"xlO"  Sticks  which  had  been  charred  over  a  Wood  Fire. 

Posts  had  a  1"  hole  in  the  center,  which  was  bored  in  order  to  take 
the  temperature  while  the  stick  was  charring.  The  area  of  this  hole 
is  deducted  in  computing  sectional  area. 


Marks 

on 
poets. 


Length. 


Inches. 
24 
24 
18 
24 
24 


Diame- 
ter. 


/ncAes. 
4.97 
6.82 
5.40 
4.64 
4.40 


Sec- 
tional 
area. 


Square 
inches. 
18.61 
25.82 
22.12 
16.40 
14.42 


Ultimate  strength. 


Per 

Total. 

square 

inch. 

Pounds. 

Pounds. 

188,500 

7,170 

188,200 

7,100 

148,200 

6,700 

117,100 

7,600 

85,900 

5,960 

douglas  fir  and  white  oak  woods. 
Douglas  Fir  Wood. 
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Expansion  crosswise  the  gmn,  and  absolution  of  water  after  sub- 
mersion different  periods. 

Original  state  of  wood,  air  seasoned  8  years. 


Gauged  lengths,  5"  long  each,  established  along  the  length  of  the 
stick  10"  apart,  beginning  4"  from  one  end. 

Weight  of  stick  before  submerged,  90.75  pounds. 


(tauKcd  lengthK. 


Weights,  pounds,  after  periodM  submeixed. 


91.50 


93.25 


101.00         108.75         111.75 


Expantdon  after  periods  submeriKcd  of— 


5  hours. 

2  days. 

Inch. 

Inch. 

.0066 

.0286 

-.0008 

.0103 

.0067 

.0236 

.0006 

.0152 

.0062 

.0888 

.0045 

.0114 

.0008 

.0025 

.0011 

.0044 

.0015 

.0050 

.0029 

.0126 

>  days. 

2  weeks. 

4  weeks. 

2  months. 

Iwh. 

Inch. 

Inch. 

Inch. 

.0529 

.  1010 

.1867 

.1745 

.0263 

.0620 

.0909 

.1292 

.0414 

.0787 

.1069 

.1480 

.0337 

.0772 

.1085 

.1479 

.0628 

.1263 

.1637 

.2088 

.0200 

.0429 

.0688 

.0892 

.0063 

.0217 

.0363 

.0576 

.0071 

.0204 

.0326 

.0533 

.0088 

.0271 

.0433 

.0651 

.0220 

.0509 

.0727 

.1000 

Tangential,  4 

Tangential,  14 

Tangential,  24 

Tangential,  34 

Tangential,  44 

Radial,4 

Radial,  14 

Radial,  24 

Radial,  84 

Radial,  44 

H.  Doc.  335 


Inch. 
.1888 
.1457 
.1592 
.1662 
.2192 

.0985 
.0683 
.0631 
.0741 
.1086 
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^ 

^ 

^ 


4 


m^A^j- 


IS) 


s 

o 

Q 


11 

si 


O 


^ 


CO 

•I 

o  a  S 


a 
-§ 

o 

^ 


o 


a 
2 


cJ5 
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Tests  of  the  adhesion  of  plain  wrought-iron  bolts  with  pointed  ends, 
driven  into  Douglas  fir  and  white-oak  wood. 
Tested  in  manner  similar  to  that  of  lag  screws. 
Reinforcing  plate  *'A"  used. 
Bolts  driven  into  timber  to  a  depth  corresponding:  to  the  longest  lag 


screws. 


BOLTS  DRIVEN  INTO  8"  x  8"  x  4'  STICKS  OF  DOUGLAS  FIR. 


Nominal 

diameter 

of  bolt. 

Actual 

diameter 

of  bolt. 

Depth  of 

full-sized 

iron  in 

wood. 

Resisting 
area. 

Diameter 

of  bored 

hole. 

Adhesive  resistance. 

Remarks. 

Total. 

Per  so  uare 
Inch. 

Inch. 

1 
1 

Inch. 
.99 
.99 

Inches. 
4.4 
4.4 

Sq.  ins. 
13.68 
13.68 

Inch. 

1* 

Pounds. 
3,900 
6,700 

Pounds. 
286 
490 

{ 

.87 
.87 

5.1 
6.1 

18.94 
13.94 

J' 

5,000 
6,800 

359 
488 

1 

.76 
.76 
.76 

6 
6 
6 

14.38 
14,33 
14. 8S 

4,800 
4,200 
6,100 

348 
293 
426 

1 
1 
1 

.65 
.66 
.66 

5.4 
6.4 
6.4 

11.03 
11.03 
11.03 

A 

3,600 
5,800 
6,700 

326     ' 

526 

607 

.51 
.51 
,51 
.51 
.51 
.51 

3.5 
8.5 
8.5 
8.6 
S.5 
3.5 

6.61 
5.61 
5.61 
5.61 
6.61 
5.61 

I 

2,100 
2,900 
3,500 
3,600 
4,160 
4,100 

874 
517 
624 
643 
741 
714 

No  hole  bored. 

ft 
ft 

.65 
.65 

5.4 
5.4 

11.08 
11.03 

k 

8.400 
7,200 

762 
653 

1 
1 

.76 
.76 

6 
6 

14.88 
14.38 

9,400 
8,600 

656 
600 

.87 
.87 
.87 

5.1 
5.1 
6.1 

13.94 
18.94 
18.94 

1* 

A 

8,000 
9,700 
7,000 

574 
696 
502 

1 
1 

.99 
.99 

4.4 
4.4 

13.68 
13.68 

1' 

9,900 
7,500 

724 
518 

BOLTS  DRIVEN  INTO  11"  X  A"  x  4'  STICKS  OF  WHITE  OAK. 


.99 

4.4 

13.68 

.99 

4.4 

13.68 

.99 

4.4 

13.68 

.87 

5.1 

13.94 

.87 

5.1 

13.94 

.87 

6.1 

13.94 

.87 

6.1 

13.94 

.76 

6 

14.33 

.76 

6 

14.33 

.76 

6 

14.33 

.76 

6 

14.83 

.65 

5.4 

11.03 

.65 

5.4 

11.03 

.66 

5.4 

11.03 

.66 

5.4 

11.03 

.61 

3.5 

5.61 

.51 

3.5 

5.61 

.51 

3.5 

5.61 

ti 

10,800 
14,300 
14,100 

789 
1,050 
1,030 

ii 

12,000 
13,200 
13,200 
6,200 

861 
W7 
947 
378 

Split  slightly. 

i 

11,800 
11,700 
6,400 

789 
816 
447 

Split  the  wood. 

A 

Do. 

't 

12,800 
18,300 
13,200 

1,120 
1,210 
1,200 

A 

6,400 
7,200 
7,400 

1,140 
1,280 
1,320 

H.  Doc.  335 37 
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Adhesion  of  lag  screws  in  yellow  pine  wood. 
Screws  driven  m  bored  holes,  perpendicular  to  the  j 


gram. 


Diameter— 

Adheslye  resistance. 

Depth  in 
wood. 

Resisting 
area. 

Remarks. 

Of  body. 

At  root  of 
thread. 

Bored 
hole. 

Total. 

Per  square 
inch. 

Inch. 

Inch. 

Inch. 

IncJies. 

Sq.  inches. 

Pounds. 

Pounds. 

.75 

.63 

.625 

4.5 

10.60 

8,620 

813 

Pulled  oft  head  of 
screw. 

.76 

.68 

.626 

4.5 

10.60 

7,890 

744 

Do. 

Slotln  lag  screws 

llled  with 

a  steel  key. 

.76 

.68 

.625 

4.5 

10.60 

8,200 

774 

Pulled  screw  out  of 
the  wood. 

.75 

.68 

.625 

5.625 

13.25 

10,800 

777 

Do. 

TENSILE  TESTS  OF  REGUUTION  STEEL  NICKEL- 
PLATED  BIT 


A  MAGNOLIA  METAL  BIT. 


579 


Tests  of  MctAlfl,  1902. 


PHOTOGRAPH  SHOWING  DIRECTIONS  OF  APPLYING  LOADS. 


BITS. 

Bits. 

TEST  OP  STEEL  BIT. 
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Part  tested. 

Diameter 
of  wire. 

Tensile 
strength. 

Remarks. 

A 

Inch. 
,181 
.181 
.185 
.185 

Pounds. 
2,790 
1,920 
2,680 
2,610 
268 
254 
3,455 
3,640 

Rings  decidedly  distorted  at  700  to  800  pounds. 
Fractured  along  scarf  weld. 
Fractured  the  ring. 

Do. 
Pulled  curb  attachment  from  eye  in  bit. 

Do. 
Fractured  at  junction  of  mouthpiece  and  branch. 

Do. 

A 

B 

B 

C 

c 

D 

a. 235 
rt.285 

D 

TEST  OF  MAGNOLIA  METAL  BIT. 


A       

.182 
.182 
.185 
.185 

1,864 

A 

1,456 

B 

1,656 

B 

2,215 

c 

218 

c 

246 

D   

a.  25 
a. 25 
a. 496 

2,740 

D 

2,545 

Mouthpiece . 

8,200 

Rings  decidedly  distorted  at  450  pounds. 

Fractiu^  branch  of  the  bit. 

Fractured  eye,  carrying  ring. 

Pulled  curb  attachment  from  eye  in  bit 
Do. 

Fractured  the  eye. 
Do. 

Appearance  of  fracture,  light  lemon  yellow,  uniform. 
Sectional  area,  minimum  diameter  of  mouthpiece, 
.193  square  inch.  Tensile  strength,  no  correction 
made  for  curved  shape,  42,490  pounds  per  square  inch. 


a  Diameter  of  metal. 
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OABTBIDGE   AND  TARGET   CLOTH. 

Cartridge  and  Target  Cloth. 
Test  No.  10453. 

CARTRIDGE  CLOTH. 

Five  samples  received:  Two  samples,  Nos.  1  and  8,  from  J.  Wana- 
maker.  Three  samples,  " S.  C."  and  "F.&  S. ,"  from  Germany,  deliv- 
ered on  contract  at  New  York  Arsenal. 

Samples  2"  wide  by  10"  long  between  the  jaws  of  the  testing 
machine. 


Marks. 

Direction  terted. 

Eloiixa- 
tiouinS 
inches. 

Tenrile 
strength. 

Bemarks. 

No.l 

Filling 

Inches. 
1.10 
1.13 

.98 
.88 

Pounds. 
120 
128 

.145 
188 

IH) 

do 

No.8 

.    ..do 

Do 

do 

Samples  2"  wide  by  3"  long  between  jaws  of  the  testing  machine. 


No.l... 
Do. 


No.8... 
Do. 


8.  C... 

F.  <&S.. 

Do. 


Warp... 
Filling  . 

Warp . . . 
Filling. 


Unknown  , 

....do 

Warp 


168 
182 

178 
148 

177 
96 
80 


From  J.  Wanamaker. 
Do. 

Do. 
Do. 

From  Germany. 
Do. 
Do. 


Test  No.  10455. 


TARGET  CLOTH. 


Two  pieces  of  cloth  tested.  Two  samples  taken  from  warp  and  two 
from  filling  of  each  piece. 

Samples  2"  wide  by  10"  long  between  the  jaws  of  the  testing 
machine. 


Harks. 

Direction  tested. 

Elonga- 
tion in  8 
inches. 

Tensile 
strength. 

No.  9 

Warp 

Inches. 
1.17 
1.06 
1.27 
1.28 

1.16 

1.09 

.96 

.88 

Pounds. 
Ill 
114 
114 
US 

154 
151 
188 
180 

Do 

..^o:::::::::::. 

Do 

Filling 

Do 

do 

No.  10 

Warp 

Do 

...IX..::.::.:..: 

Do 

Filling 

Do 

do 

BLUB   PRINT   PAPER.  588 

Blue  Print  Paper. 
Samples  1"  wide  Vjy  3"  long  between  the  jaws  of  the  testing  machine. 


No.  of 
sample. 

Thick- 
ness. 

Tensile 
strengrth. 

Mean. 

Remarks. 

2 

Inch. 
.046 

Pounds. 
39.5 
46 
43 

27.6 

26 

27.6 

28.5 

28 

27.6 

26 

26.6 

26.5 

29 

Pounds. 

42.  b 

3 

.049 

27 

4 

.062 

28 

5         .063 

251 

6 

.037 

29 
82 

80 

CHEMICAL  ANALYSES. 
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CHEMICAL    ANALYSES. 

Chemical  Analyses. 

BRASS,  ETC. 


587 


Description. 

Copper. 

Tin. 

Zinc. 

Lead. 

Anti- 
mony. 

Nickel. 

Brass  wire  from  Springlield  Ar- 
Backing  ofembossed  belt  buckle, 

U.S.: 

60.50 

39.50 

40.00 

60.00 

• 

White  metal  for  yacht  hand-rail 
stanchion 

48.44 

36.58 

14.82 

Torrey  antifriction  metal 

81.06 

19.00 



STEELS  FROM  SPRINGFIELD  ARMORY. 


Description. 

Marks. 

Carbon. 

Manga- 
nese. 

Silicon. 

Sulphur. 

Phos- 
phorus. 

Copper. 

Receiver  steel 

Ml 
M2 
MS 
M4 
M5 

.806 

.308 

.316 

.808 

.860 

.805 

.120 

.470 

1.040 

1.02 

.820 

.964 

1.000 

.950 

.995 

.990 

LOSS 

LOOO 

1.020 

.990 

.830 

1.550 

.800 

.410 

.680 

.285 

.310 

.180 

.106 
.106 
.108 
.109 
.114 
.030 
.035 
.194 
.240 
.166 
.240 
.060 
.106 
.162 

.034 
.086 
.086 
.087 
.080 
.056 
.076 
.032 
.020 
.040 
.085 
.030 
.025 
.015 

.040 
.036 
.089 
.086 
.038 
.090 
.062 
.084 
.015 
.030 
.087 
.015 
.014 
.008 

Do 

Do 

Do 

Do 

Do 

Receiver  steel,  old  stock. . 

"  Carpenter  " 

.110 

Bayonet  steel ' -  - . 

Do 

Do 

Do 

1 

2 

Do.... 

Russian  steel 

MISCELLANEOUS  STEELS. 


Rimbase  of  hardened  16" 
trunnion  hoop,  Water- 
vliet  Arsenal 

.580 
1.115 

.700 
.300 

.244 
.245 

.020 
.010 

.034 
.016 

.095 

Pressure-gauge     plug, 
Frankf ord  Arsenal 
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PRIVATE   TESTS. 

Private  Tests. 


TESTS  MADE  FOR  PRIVATE  PARTIES  DURING  THE  FISCAL   YEAR 
ENDED  JUNE  SO,  190S, 


Date. 


Material. 


For  whom  tested. 


Name. 


City. 


State. 


1901. 
July    2 

3 

28 
Aug.    6 

8 
12 

15 
17 
28 
31 

Sept.  3 
7 
12 

13 


24 
27 
28 
Oct.  11 
12 
16 

19 
24 
26 
29 

Nov.    4 

8 
13 

26 
27 
Dec.  4 
11 
19 
20 
23 

26 
27 
31 
1902. 
Jan.  6 
7 
11 

18 
22 
28 
27 
Feb.     7 


24 
Mar.    1 


Steel  bars 

.....do 

....do 

Steel  specimens . . 
Steel  anchor  bolt. 

"Fibre" 

Rubber  belting. . . 
Gauges 


Belting  and  canvas. 

Brick , 

Cast  iron , 

Shackles , 

Concrete 

....do , 

Riveted  joint 

Hardened  blocks. . . 


Cast  iron 

Spliced  belting... 

sheaves 

Cast  iron 

Paving  bricks 

Column 

Cast  iron 

Wire  rope 

Stone  slabs 

Cotton  belt 

Whiting 

Cast  iron 

Sandstone 

Cotton  fiber 

Rubber 

Crude  rubber 

Barrel  steel 

Steel  casting 

Cement 

Ubolt 

Cast  iron 

Hooks 

Wire  nails 

Cotton  duck,  etc  . 

Marble 

Bricks 


Steel.... 
Rubber . 
Bricks . . 


Wire  nails . 

Rubber 

Oranite 


Shackles 

Push  bars 

Iron  bar 

Semi-steel  casting . 
Concrete 


Boston  Elevated  Railway  Co . . . 

Wetherell  Brothers 

New  England  Bolt  and  Nut  Co. . 

United  States  Projectile  Co 

New  England  Bolt  and  Nut  Co. . 

Laminar  Fibre  Co 

Revere  Rubber  Co 

American   Steam  Gauge  and 
Valve  Co. 

William  T.  Plummer 

New  England  Fire  Proofing  Co 

Wm.  Allen&Sons 

Fletcher  &  Crowell  Co 

Wm.  Wirt  Clarke  A  Sons 

do 


Steel  specimens .... 

Steel  bars 

....do 

Artificial  stone 

Rubber  shoe 

Cement  briquettes. . 
Building  blocks ... 
Stone 


Limestone . . . 

Shackles 

Boiler  plate. 
Steel  bars..., 
Steel  plates. 


Edward  Kendall  A  Sons 

Chapman  Double  Ball  Shafting 
Bearing  Co. 

Wm.  Allen&Sons 

Main  Belling  Co 

Boston  and  Lockport  Block  Co. 
Golding&Co 

D.  J.  Curtis  &  Son 

Lally  Patent  Column  Co 

Barbour-Stockwell  Co 

Carson  Trench  Machine  Co 

Daniel  Kilpatrick 

The  Carton  Belting  Co 

Hood  Rubber  Co 

John  Souther  &  Co 

Bare  lay  Bros 

American  Rubber  Tire  Co 

Hood  Rubber  Co 

....do 

Savage  Arms  Co 

Fiske  Brick  Co 

The  Alpena  Portland  Cement  Co 
Boston  and  Albany  Railroad  Co. 

Whittler  Machine  Co 

Boston  and  Lockport  Block  Co. 

J.  C.  Pearson  Co 

Catlln&Co 

Vermont  Marble  Co 

Washington   Hydraulic    Press 

Brick  Co. 

E.  D.  Leavitt 

Hood  Rubber  Co , 

New  England  Brick  Co 


J.  C.  Pearson  Co 

Hood  Rubber  Co , 

Milford  Pink  Granite  Construc- 
tion Co. 

Fletcher  &  Crowell  Co 

Boston  Transit  Commission 

New  England  Bolt  and  Nut  Co. 

Fiske  Brick  Co 

New  York,  New  Haven  and 
Hartford  Railroad  Co. 

Savage  Arms  Co 

Boston  Elevated  Railway  Co 

Sullivan  Machinery  Co 

Murdock  Parlor  Grate  Co 

Hood  Rubber  Co 

Fiske  &  Co 

Pittsburg  Brick  and  Pipe  Co ... , 
New  York,  New  Haven  and 
Hartford  Railroad  Co. 

Standard  Plaster  Co 

Fletcher  <&  Crowell  Co , 

Wm.  Allen  &  Sons  Co , 

Fore  River  Ship  and  Ensine  Co 
New  England  Structural  Co  ... , 


Boston 

....do 

....do 

New  York 

Boston 

North  Cambridge. 

Chelsea 

Jamaica  Plain 


Boston 

....do 

Worcester 

Portland 

Baltimore 

....do 

Cambridgeport . 
Boston 


Worcester 

Boston 

....do 

....do 

Springfield 

Waltham 

Cambridgeport . . 

Boston 

Morning  Sun 

Boston 

Watertown 

Boston 

Sinnamahoning . 

Boston 

Watertown 

....do 

Utica 

Boston 

Alpena 

Boston 

....do 

....do 

....do 

....do 

Proctor 

Washington 


Cambridge  . 
Watertown . 
Boston 


....do 

Watertown . 
Milford 


Portland 

Boston 

....do 

....do 

Bridgeport  . 


Utica 

Boston 

Claremont.. 

Boston 

Watertown . 

Boston 

Pittsburg... 
Bridgeport . 


Buffalo 

Portland... 
Worcester . 

Quincy 

Boston  .... 


Mass. 
Mass. 
Mass. 
N.Y. 
Mass. 
Mass. 
Mass. 
Mass. 

Mass. 

Mass. 

Mass. 

Me. 

Md. 

Md. 

Mass. 

Mass. 

Mass. 

Mass. 

Mass. 

Mass. 

Mass. 

Mass. 

Mass. 

Mass. 

Iowa. 

Mass. 

Mass. 

Mass. 

Pa. 

Mass. 

Mass. 

Mass. 

N.Y. 

Mass. 

Mich. 

Mass. 

Mass. 

Mass. 

Mass. 

Mass. 

Vt. 

D.  C. 

Mass. 
Mass. 
Mass. 

Mass. 
Mass. 
Mass. 

Me. 

Mass. 

Mass. 

Mass. 

Conn. 

N.Y. 
Mass. 
N.  H. 
Mass. 
Mass. 
Mass. 
Kans. 
Conn. 

N.Y. 

Me. 

Mass. 

Mass. 

Mass. 
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TESTS  MADE  FOR  PRIVATE  PARTIES,  -BrC— Continued. 


Date. 


Material. 


For  whom  tested. 


Name. 


City. 


State. 


1902. 
Mar.  17 

20 

24 


26 

28 

29 

Apr.    3 


11 

15 

28 

May    2 


22 


29 


June  8 
4 


Cement 

Iron 

Pipe  fittings 

Cast  iron 

Hollow  bricks 

Manhole  covers 

Cast  iron 

Steel  plate 

Concrete 

Rubber,  belting,  etc. 

Wrought  iron 

Cast  iron 

do 

Steel  specimens 

do 

Cast  iron 

Rubber  spring 

Chain 

Tumbuckles 

Tie  rods 

Cast-iron  lifting  fin- 
ger. 

Stay  bolt  iron 

Cotton  fleece 

Concrete 

Litholite 

Stone 

Sandstone 

Steel  specimen 

Coated  nails 

Cast  iron 

Fabric 

Steel  rods  in  concrete. 
Rail  shoe  plates 

Laff  screw  expansion 

sleeve  nuts. 
Steel  rods  in  concrete, 

etc. 

Shackles 

Rubber  belting 

Nails 


Munlock  Parlor  Grate  Co 

Laconia  Car  Co.  Works 

The  Perfection  Cleanout  Spe- 
cialty Co. 

Sheafl  <S:  Jaastad 

George  A.  Fuller  Co 

City  of  Boston 

Hyde  Windlass  Co 

American  Locomotive  Co 

Frank  A.  Hinds 

Boston  Woven  Hose  and  Rubber 
Co. 

Laconia  Car  Co.  Works 

Hyde  Windlass  Co 

WTiittier  Machine  Co 

Remington  Arms  Co 

M  arlln  Firearms  Co 

Bath  Iron  Works 

Boston  Woven  Hose  iind  Rubber 
Co. 

International  Paper  Co 

The  Thomas  Laughlin  Co 

Boston  Elevated  Railway  Co  . . . 

Fiske  Brick  Co 


Boston 

do.... 

Haverhill  , 


Boston 

do 

do 

Bath 

Schenectady  . 
Watertown... 
Boston 


....do 

Bath 

Boston 

Ilion 

New  Haven  . 

Bath 

Boston 


Bellows  Falls.. 

Portland 

Boston 

....do 


and 


Houf  hton  &  Richards  . . . 

H  ood  Rubber  Co 

New  York,  New  Haven 
Hartford  Railroad  Co 

Uriah  Cum  mings 

Edw.  W.  Serrell. 

Traverse  Bay  Red  Stone  Co, 

The  Savage  Arms  Co 

J.  C.  Pearson  Co , 

Bath  Iron  Works 

Hood  Rubber  Co 

Boston  Transit  Commission 

The  Weber  Railway  Joint  Man- 
ufacturing Co. 

Stannard  Manufacturing  Co 


do 

Watertown . 
Bridgeport.. 


Akron 

Washington . 

Calumet 

Utica 

Boston 

Bath 

Watertown . . 

Boston 

New  York... 


Springfield . 


Boston  Transit  Commission  ....   Boston  ... 

Fletcher  &  Crowell  Co I  Portland  . 

Revere  Rubber  Co i  Chelsea. . . 

J .  C .  Pearrw  n  Co Boston . . . . 


Mass. 
Mass. 
Mass. 

Mass. 

Mass. 

Man. 

Me. 

N.Y. 

N.Y. 

Mass. 

Mass. 

Me. 

Mass. 

N.Y. 

Conn. 

Me. 


Vt. 
Me. 
Mass. 
Mass. 

Mass. 

Mass. 
Conn. 

N.Y. 

D.C. 

Mich. 

N.Y. 

Mass. 

Me. 


Mass. 
N.Y. 

Man. 

Mass. 

Me. 
I  Man. 

I  Man. 


INDEX. 


Analvsee.  chemical: 

Belt  buckle,  backing  of 587 

Brass,  extruded  metal,  from  angle  bar 82 

Brass  wire 587 

Bronze  from  old  12-pounder  guns 71 

Cast  iron — 

3-inch  shell 61 

Track  block 128 

Cement 512 

Slate 357 

Steel- 
Bayonet 587 

Carbon-steel  ingot 109 

"Carpenter'' 587 

Endurance  shafts 277 

Nickel-steel  ingot 199 

Pressure-gauffe  plug 587 

Receiver  steel 587 

Receiver  steel,  old  stock 587 

Rocker  block 128 

Russian : 587 

Streaked  gun  hoop 108 

Track  blocks : 128 

Trunnion  hoop 587 

Torrey  antifriction  metal 587 

White  metal 587 

Bits,  steel,  and  magnolia  metal 581 

Blue-print  paper 583 

Bolts,  adhesion  of,  in  wood 576 

Brass,  extruded  metal,  from  angle  bar 82 

Bricks: 

Absorption  tests 341-344 

Compressive  elastic  properties 345-352 

Tabulation  of  elastic  properties 353 

Bronze: 

For  jnm  carriages — 

Phosphor-bronze  ingot 67 

75-millimeter  mountain-gun  carriage 67 

From  old  12-pounder  guns — 

Remarks 71 

Chemical  analyses 71 

Tensile  tests 72-80 

Tabulation 81 

Buffer  bracket  hook,  steel  castiug,  for  10-inch  barbette  carriage 48 

Carbon-steel  ingot: 

Chemical  analysis 199 

Diagrams  showing  manner  of  cutting  up 200, 201, 204 

Tensile  tests,  metal  in  natural  state  ana  after  heating  and  quenching. . .  205-222 

Tabulation 223 

Tensile  tests,  metal  drawn  down  under  the  hammer 243, 244 

Bending  test 244 

591 
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CSast  iron:  Page. 

From  Watertown  Arsenal,  chemical  analyses  and  tensile  testa 61-63 

Traversing  intermediate  bevel  gear 63 

Racer  of  12-inch  mortar  carriage 64 

12-inch  mortar  shell 101,102 

16-inch  rifle  shot 103,104 

Water  pipe  from  city  of  Boston 64 

Shot  and  shell  from  Petersburg  Iron  Works 63 

For  calibration  of  testing  machine  at  works  of  Robert  Poole  &  Son 

Company 64 

Track  block 63,123-164 

Pig  irons 63 

Cement: 

4-inch  cubes  of  neat  cement,  different  brands,  compression  tests 369-381 

Retarded  sets,  compression  tests 381, 382 

Cements  which  set  m  air  at  different  temperatures — 

Com  pression  tests 383-415 

R^6um6  of  results 416-421 

Comparative  tests  on  cement  and  mortar  set  in  air  and  in  water — 

Compression  tests 422-442 

Sum  mary 443 

Material  set  m  air  or  in  water,  follow^  by  different  periods  of  exposure 

under  reverse  conditions,  compression  tests 444-450 

Cement  and  mortar  after  heating — 

Remarks 451 

Loss  in  weight 452-457 

Com  pression  tests 458-466 

Cement  and  mortar  prisms — 

Compressive  elastic  properties 467-505 

Tabulation 506,507 

Cement-mortar  cubes  from  U.  S.  Engineer  Corps,  compression  tests  . . .  512 

Grouts — 

Remarks 508 

Compression  tests 509,510 

Peninsular  brand — 

Tensile  tests 511 

Compression  tests -• 511 

Fineness 511 

Specific  gravity 511 

Chemical  analysis 512 

Cloth,  cartridge  and  tai^et 682 

Concrete: 

12-inch  cubes  from  Watertown  Arsenal 513 

12-inch  cubes  from  Boston  Elevated  Railway  Company 514 

Copper  cylinders  for  pressure  gauges 85, 86 

Endurance  shafts: 

Endurance  tests 259-274 

Tabulation 275,276 

Metal  from  shafts,  tensile  tests — 

Solid  specimens 281-514 

Tabulation 315,316 

Annular  specimens 317-334 

Tabulation 335 

Chemical  analyses 277 

Extruded  brass  from  angle  bar 82 

Forged  steel: 

Reen forcing  plate,  12-inch  mortar  carriage 50 

Track  block 123-164 

Glass,  transverse  tests 517 

Gun  carriages: 

Bronze  for 67 

Buffer  bracket  hook  for 48 

Helical  springs  for 89-92 

Piston  rods  for  (proof  stresses) 48 

Retraction  hook  for 48 

Wire  retraction  ropes  for  (proof  stresses)  48 
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Gun  hoope,  hydrostatic  tests  of:  Pa«e. 

Bemarks , 107 

Tensile  specimen  tests .* 108 

General  results 108, 109 

Comparison  of  results 109 

Chemical  analysis  of  streaked  hoop 108 

Details  of  tests — 

Streaked  hoop 110-113 

Unstreaked  hoop 113-117 

Photographs 119 

Gun  specimens: 

7^millimeter  mountain  guns — 

Body 13 

Breechblock 14 

Block  carrier 15 

Tabulation 16 

6-inch  R.  F.  guns — 

Tubes 19,20 

Jackets 21-23 

Hoop 24 

Breechblock 25 

Tabulation 25 

10-inch  steel  B.  L.  rifles — 

Tube 29 

Jackets 30,31 

Hoop 32 

Breechblock 33 

Tabulation 33 

12-inch  steel  B.  L.  rifles — 

Tubes 37,38 

Jackets 39^1 

Hoop... 42 

Breechblock 43 

Tabulation 43 

16-inch  steel  B.  L.  rifle,  foi^ng 47 

Helical  springs.     {See  Springs. ) 
Hooks: 

Buffer  bracket  for  10-inch  barbette  carriage 48 

Retraction  for  10-inch  barbette  carriage 48 

Hoops.     {See  Gun  hoops. ) 
Hydrostatic  teste  of  gun  hoops: 

Remarks ^ 107 

Tensile  specimen  tests 108 

General  results 108,109 

Comparison  of  resul ts 109 

Chemical  analysis  of  streaked  hoop 108 

Details  of  tests — 

Streaked  hoop  ...^ 110-113 

Unstreaked  hoop .' 113-117 

Photographs 119 

In^ts,  carbon  and  nickel  steel 199-244 

Imtial  strains  in  16-inch  cast-iron  shot 103, 104 

Lag  screws,  adhesion  of,  in  wood 565-575,577 

Magnolia  metal  and  steel  bits 581 

M  ortar.     ( See  Cement ) 
Mortar  carriages: 

Recoil  cylinder,  fractured,  cast  steel 49 

Reenforcing  plate,  12-inch  mortar  carriage,  forged  steel 50 

Racer,  12-inch  mortar  carriage 64 

Helical  springs  for  10-inch  mortar  carriages 95-98 

Helical  springs  for  7-inch  mortar  carriages 93 

Old  helical  springs  from  7-inch  mortar  carriage^ 94 

Mortar  shell,  12-inch,  cast  iron,  compressive  movement  of  base  plug,  etc 101, 102 

New  York  and  Brooklyn  Bridge,  suspender  rods 247-256 

Nickel-steel  ingot: 

Chemical  analysis 199 

Diagrams  showing  manner  of  cutting  up 202-204 

H.  Doc.  336 38 
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Nickel-steel  ingot — Continued.  ^age. 

Tensile  tests,  metal  in  natural  state  and  after  heating  and  quenching. . .  224-241 

Tabulation 242 

Paper,  blueprint 583 

Pistonrods  (proof  stresses) '   48 

Pressure  gauges,  copper  cylinders  for 85, 86 

Private  tests,  list  of 588,589 

Recoil  cylinder,  fractured,  from  12-inch  mortar  carriage 49 

Reenforcinff  plate,  12-inch  mortar  carriage 50 

Retraction  hook,  10-inch  barbette  carriage 48 

Retraction  ropes  (proof  stresses) 48 

Rocker  block  and  track  blocks: 
Blocks  of  full  length — 

Remarks 12^125 

General  results  of  compression  tests 125-128 

Details  of  compression  tests 12^140 

Blocks  of  reduced  length — 

Remarks 141-143 

General  results  of  compression  tests 143-145 

Details  of  compression  tests 146-154 

Chemical  analyses 128 

Metal  from  rocker  and  track  blocks — 

Tensile  tests 63,155-159 

Tabulation 159 

Compression  tests 160-164 

Tabulation 164 

Ropes,  retraction  for  gun  carriages  (proof  stresses) 48 

Rotating  shafts,  steel.     {See  Endurance  shafts. ) 

Shells  for  high  explosives,  tensile  tests  of  metal  from 50 

Shell,  12-inch  mortar,  compressive  movement  of  base  plug,  etc 101, 102 

Shot,  16-inch  cast  iron,  initial  strains  in 103,104 

Slate,— slabs,  cubes,  and  roofing: 

Chemical  analyses '. 357 

Slabs,  compression  tests 357,363-366 

Cubes,  compression  tests 358 

Roofing,  transverse  tests 359 

Treads— 

Transverse  tests,  summary 369 

Transverse  tests,  details 360-362 

Springs  for  gun  carriages: 

75-millimeter  mountain  gun  carriage 89-91 

5-inch  R.  F.  gun  carriage 92 

7-inch  mortar  carriage 93 

7-inch  mortar  carriage  (old  springs) 94 

10-inch  mortar  carriage 95-98 

Steel  bars: 

Carbon  steel,  metal  from  ingot 205-222,243,244 

Nickel  steel,  metal  from  ingot 224-241 

Piston  rods  (proof  stresses) 48 

Reenforcing  plate,  12-inch  mortar  carriage 50 

Rotating  shafts,  metal  from -.  281-335 

Shells  for  high  explosives,  metal  from 50 

Steel  specimens  from  Navy  Department 51 

Steel  for  yokes,  from  Navy  Department 55-58 

Suspender  rods.  New  York  ana  Brooklyn  Bridge 247-256 

Steel  and  magnolia  metal  bits , 581 

Steel  castings: 

Fractured  recoil  cylinder  from  12-inch  mortar  carriage 49 

For  gun  carriages — 

Retraction  and  buffer  bracket  hooks  for  10-inch  barbette  carriage  . .  48 

Rocker  block  and  track  blocks 123-164 

Steel,  carbon  and  nickel  st^el  ingots 199-244 

Steel  forgings: 

Reenforcing  plate  for  12-inch  mortar  carriage 50 

Track  block 123-164 

Steel  specimens  from  Navy  Department 51 

Steel  for  yokes,  from  Navy  Department 55-58 
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Suspender  rods  from  New  York  an(i  Brooklyn  Bridge:  I'asre- 

Remarks 247,256 

Tensile  tests  of  rods 247-255 

Tensile  tests  of  specimens  from  the  rods 256 

Bending  test 256 

Torrey  antifriction  metal,  chemical  analysis 587 

Track  blocks.     (See  Rocker  block,  etc. ) 

Water  pipe  from  city  of  Boston,  cast  iron 64 

White  metal,  chemical  analysis 587 

Wire  retraction  ropes  (proof  stresses) 48 

Wood: 

Adhesion  of  lag  screws  and  bolts  in 565-577 

Douglas  fir — 

Transverse  tests 521-^541 

Tabulation 542 

Shearing  tests 552-^54 

Heat  conductivity 555-560 

Compression  tests,  cores  of  charred  sticks 560 

Expansion  after  submersion. 561 

White  oak — 

Transverse  tests 543-551 

Tabulation 551 

Wrought  iron: 

From  Engineer  CJorps,  U.  S.  Army 58 

Rolled  bars  in  natural  state  and  after  heating  and  quenching,  first  series — 

Common  refined 167 

Best  puddled 167-169,172,173 

Burden's  l^est 169-171,174 

Norway 171,172,175 

Rolled  bars  after  heating  and  quenching,  second  series — 

Common  refined 176-178 

Best  puddled 179-181 

Burden's  best 182-184 

Norway 185-187 

Tabulation 188 

Rolled  bars  in  natural  state  and  after  heating  and  quenching,  third 
series — 

Best  puddled  ...: 189-194 

Tabulation 195 

Yokes,  steel  for,  from  Navy  Department 55-58 
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